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PREFACE. 



X HIS Work contains the science and present practice of the Arts of Caspentrt, 
Joinery, and Cabinet-Making, explained in a simple and familiar manner ; and, 
for the advantage of readers not yet acquainted with abstruse scientific terms, 
no more of them have been employed than were absolutely necessary. 

We have uniformly observed, that Carpenters, Joiners, and Cabinet-Makers, are 
alike distinguished for their superior knowledge in the scientific principles of 
their respective Arts ; and, as it frequently happens that the whole of these arts 
are followed by a single individual, and the arts themselves having considerable 
relation, in consequence of being all more or less dependent on the same common 
principles, we have brought these important arts together into one Work. 

During the happy exertions still in progress for the education of the people, 
a result we expected has taken place : Carpenters, Joiners, and Cabinet-Makers, 
feeling a desire to hold their pre-eminence, have solicited for works of a superior 
character, both as regards elucidation of principles and ornamental embellish- 
ments. We have done our best endeavours to meet, if not exceed their wishes, 
and have had the assistance of Talents of the highest rank in the respective 
departments; our illustrations being from the pencils and gravers of first-rate 
Artists ; an appeal to the interior of our Work will, however, afford more con- 
viction of its utility and value than we can possibly convey in the brief limits 
of a Preface. 

The following is a short sketch of the contents :— The Work is divided into 
three principal divisions, called Books. The first Book treats of Cabpentrt, 
with an Introduction, shewing the principles and methods of describing Curves ; 
the nature and methods of making Working-Drawings ; the manner of Setting- 
out Buildings, &c. &c. The Carpentry then commences with the Principles and 
Practice of Framing and Connecting Timbers ; the Construction of Roofs, Floors, 
Partitions, Domes, Niches, Groins, Centres, and Wooden Bridges ; with the 
principles and methods of finding the Lines for each of these species of work ; 
concluding with a comprehensive view of the Qualities and Strength of Timber. 



The Second Book treats of Joinery ; and, after a brief outline of its history 
and of the nature and mode of describing Mouldings, it proceeds to exhibit the 
methods of Framing, and Gluing-up, and Setting-out Work ; the description of 
Raking-Mouldings; the Methods of Enlarging and Diminishing Mouldings; the ' 
Art of Hinging and forming Joints : the Construction of Doors, Windows, 
Window-Shutters, Circular Sashes, Skylights ; the Mode of Bending Mouldings, 
of Diminishing and Fluting Columns and Pilasters ; of forming Architraves, 
Surbases, and Bases, with specimens of Shop-Fronts ; and a complete Treatise 
on the Theory and Construction of Stairs and Hand-rails ; concluding with the 
Methods of fixing Joiners' Work, and laying both common and parquet Floors. 

The Third Book is appropriated to Cabinet-Making, or the principles of 
Designing, Constructing, and Selecting Furniture ; and treats of the gene- 
ral principles of Design in respect to fitness, outline, relative proportion of 
Parts, selection of Ornaments, and combination of coloured Woods. The 
Grecian, Roman, and Gothic styles of Furnishing are next illustrated, and their 
distinguishing features shown ; and the species of Furniture adapted to particu- 
lar objects, and the modes of furnishing different kinds of rooms are described, 
and illustrated by original Designs. These are followed by the principles of 
Constructing Furniture, the methods of Veneering, Inhiying, Buhl-Work, Carv- 
ing, moulding Ornaments in Wood and Composition, Sic. ; with the best methods 
of Cleaning-off, Stopping, Staining, common Polishing, French Polishing, Varnish- 
ing, and Cleaning Furniture, &c. &c. 

Indices, with explanations of the peculiar Technical Terms of these Arts, are 
added ; and the Index to the Cabinet-Making describes the celebrated French 
method of gilding, called Or-moulu. 

In the CoNSTKUCTivE Dbpartmknt, the examples given in the Plates are 
chiefly from works already executed. We have preferred selecting from the 
executed Buildings of Rennie, Smirke, Hardwick, &c. &c. to adding untried 
projects. But, in Ornamental Works, we have endeavoured to exhibit the 
reigning Taste of the period by means of original Designs. On the whole, it 
has been our object to combine Theory with Practice, and to illustrate both 
with taste, while we rendered the access to them easy and agreeable. 



COMTBKn. 



< 



TABLE OF CONTENTS. 



BOOK I.— CARPENTRY. 



CHAP. I. 

PAOS 

IvTEODucnoN, art. 1 1 

To describe a portion of a Cirde, 

art.% — 6 .* 1 

To describe an Ellipsis of any Length 

and Breadtht ort. 7 — 1 % 2 

To describe the False Ellipsis, or any 
Elliptical Figure, by means of Circular 

Arcs, orl. IS 3 

To describe a Parabola, art. 14—16 • • • S 

To describe a Hyperbola, art. 17 • t • • • • 4 
To describe the Sections of a Cone by a 

general Method, arf. 18 4 

To describe Gothic AicheSf art. 19— 

«1 5 

Transferring Curves, art. t% 5 

Setting-out Buildings, orl. 23— 26 6 

Working Drawings, art. 27 — 35 7 

Sections of Solids, art. 36—44 8 

Derdopment of Surfaces, art. 45 — 54 • . 10 



CHAP. n. 

Carpentry, Oft. 55 • 14 

Prindples of Framing, art. 57—65 • • 14 

On Scarfing and Lengthening Beams, art. 

66—74 17 

Connecting Horizontal Timbers at Right 

Angles, or^. 75— 79 19 

Connection of Horizontal to Vertical 

Timbers, art. 80 20 

Abutdng-Joints for Oblique Timbers, 

ar<. 81— 88 20 

Timber Partitions, orl* 84— 87 21 

Naked Flooring, art. 88—95 21 

Trussed Girders, orl. 96 — 99 28 






PAOB 

Roofing, orl. 100^116 t5 

Observatioos on the Forms of Roofs, 

Off. 117 80 

Construction of Rooft, art. 1 19— '181 81 

Geometrical Lines tar Roofli, art. 182—184. • 84 
Geometrical Lines for Polygonal R00&, art. 

185—188 86 

Coveringof Circular Rooft, Off. 189 87 

Purlins and Ribs for Circular Rooft, 

art. 140—142 88 

Boarding for Circular Rooft, art. 148 — 

149 89 

Of Niches, Of M 50—154 42 

Bracketing fi>r Coves and Cornices, art. 

155,156 45 

Pendentive Bracketing, art. 157—161 46 

Centring for Arches and Bridges, art. 162 • . 48 
Description of Centres, art. 168, 164 .. 48 
Description of Plate XXXVII, (the Fron- 

tispiece,) orl. 165 ••••• 49 

Of Groined Arches, art. 165—168 49 

G^eometrical Lines for Groined Arches, 

art. 169,170 50 

Pkster Groins, art. 171 — 176 51 

Of the Construction of Wooden Bridges, 

art. 177— 180 55 

Remarks on, and Instruction^ for, choosing 

Timber, orl. 181— 186 57 

Qualities of particular kinds of Timber, 

arL 187—196 57 

General Cautions and Remarks respect- 
ing Timber, orl. 197-200 61 

Contraction and Expansion of Timber, 

art. 201—208 • 62 

On the Strength of Timber, art. 204—227 . . 64 
Rules f(nr the Transverse Strength, art. 

228—288 78 

OftheStifihe8sofBeams,arl. 284— 240 77 
b 



VI 



IPPSTT^NTS. 



BQOK IL^^QfJ^^RY. 



CHAP. I. 

PAGE 

Introduction, art. 1 — 23 • • • . 81 

Framing Angles, art, 24—30 •••••• 85 

Principles of Framing, art. 31 — 43 86 

Glueing-up Work, art. 44—49 88 

Methods of tiJcing Dimensions and Setting- 
out Wprky art. ^•*.. •••.••, •... 89 

Methods of Enlarging and Diminishing 

Mouldings, art. 51-^53 ••••••• 90 

Raking J^uldings^ gtt. 54—57 91 

Hmging and the Formation of ; Jomts, <m^ 

. 59— 63 ,.,,,..•, ^.. .•..•....•. 93 

Hinging Doors and .Shutters, art. 

' 64—70 94 

On the Formation of the Shutting- 
Joipts of Doors, Shutters, &c. art. 

71—73....... 95 

Of the. Construction of Doors, art. 74—79 • 96 
Of Jib-Doors, Book-Doors, &c. art. 

.80,81 97 

Of the Construction of Windom, art. 8£— 

86 ...;.. 98 

Pry^rtions of Windows, art. 87 ... . 98 

Parts of Windows, art. 88 99 

Construction of Circular Sashes in 
Circular Walls, art. 89«-91 ...... 99 

Of the Construction of Window Shutters, 

ar/. 92-^95 100 

Of the Construction of Skylights, art. 96-^ 

101 102 

Springing and Bending Mouldings, art. 102 1 03 
Diminishing and Fluting Columns, art. 

103, 104 103 

The Method of Setting out ^e Flutes 
and Fillets of Pilasters and Colunms, 

art. 105—109 104 

Architrave, Surbases, and Bases, art. 110<— 

112 106 

ShopFronts, art. 113, 114 106 

Stairs and Staircases, art. 115 107 

DefiqitioDs of the Parts of Stairs, art. 
.116—128 107 



PAGE 

Proportions of the parts of Stairs, art. 
129—145 c 108 

Cons^ructien of Dog-legged Stairs, art. 
146—148 Ill 

Bracketed Stairs, art. 149 112 

Greometrical Stairs, art. 150 — 156.... 113 
Hand-Railing, art. 157— 159 • 114 

J\, method of describing the Section of a 
Hand-rail add its Mitre-cap for Dog- 
legged Stairs, aH. 160—163 114 

Curvilinear Hand -railing, art. 164| 165 115 

The Theory of Hand«railing, art. 170— 
190 '. 116 

The method of drawing Scrolls for 
Hand-rails, answering to every de- 
scription of Stairs, art. 191, 192 .. . 121 

To find the Moulds for executing a 
Hand-rail, art. 193 « 122 

To construct the Fallmg-mould, art. 1 94 122 

To find the Face-mould of the Rail, 
art. 195, 196 123 

To find the Moulds for executing a 
Hand-rail round a Semi-cylindric 
Well-hole, with four Winders in one 
quarter, the other being flat, and 
Flyers above and below, art. 197,198 124 

To find the Moulds for a Semi-circular 
Stair with a Level Landing, art. 
199—202 155 

Application of the Moulds to the Plank, 
art. 203 126 

Hand-rails of Elliptical Stairs, art. 
204—208 127 

To draw the form of a Hand-rail upon 
the Plank by continued motion, art. 

209—211 129 

Of fixing Joiner's Work» art. 212 130 

Of fixing Grounds, art. 213 130 

Of fixing Dado, Skirtings, art. 214 . . 131 

Of laying Floors, art. 215 132 

Parquet Floors, art. 216 132 

lodex and Glossary of Technical Terms . . . 133 



CONTENTS. 



VU 



BOOK III.— CABINET'MAKING. 



CHAP. I. 

PAOE 

Introduction, ,arL l-r^S ••••• 1 

Genend Principlet of Deugn ibr Cabinet Far- 

niture, art. 5 — 25 • 2 

Of Outline or Contour, art. 6, 7 2 

Relative Proportion of parts .of Furni- 
ture;, art. 8 — 14.**...' 3 

Selection of Ornaments for Furniture, 
cw<. 15— 19 4 

Combination of Coloured Woods, Metals, 
&c. for Furniture, arL 20—25 5 



CHAP. n. 

I 

Of the Styles o£ Furnishing, art. 26, 27 ... 
Greek Style of Furnishing, art. 28—33 
Roman Style of Furniture, att. 34, 35.. 
Old English Furniture, art. 36—39 



. . • 



7 
8 
9. 
9 



CHAP. ni. 

Or the different kinds of Furniture, art. 40 . . 11 

Of the Furniture of Entrance Halls, Sa- 
loons, Galleries, Anti-rooms, &c. art. 
41—43.. 11 

Of the Furniture for Drawing-rooms, Mu- 
sic-rooms, Libraries, &c* art.4^4f^2 12 

Of the Furniture for Eating-rooms, airt. 
53—59..... 14 

Of the Furniture of Sleeping and Dress- 
ing-rooms, art. 60—62 16 



CHAP. IV. 

« 

Of the Construction of Furniture, art. 63 . . 17 

Methods of Framing, art. 64—69 ..... 17 
Of Veneering, Banding, &c art. 70— 

73. 19 

Of Inlaying, Buhl-work, &c. art. 74—82 20 

Of Carving, Reeding. &c. art. 83—89. . 22 
Moulding Ornaments, Figures, 9cq. in 

imitation of Wood, aH. 90—92 23 



CHAP. V. 

Of Finishing and Polishing Furniture, art. 

93 25 

Cleanhig off Wood-work, &c. art. 94 — 

96 25 

Of Stopping the Defecu of Wood-work, 

or^ 97— 99 26 

Of Staining Wood^work, art. 100 27 

Black Stain, or Imitation of Ebony, art. 

101 27 

Broi^n Veined Stains, or Imitation of 

Rose-wood, art. 102 • 27 

Brown Stains to imitate Mahogany, art. 

108—108 27 

Of Polishing Wood- work, art. 109 ••. . 28 
Common Polishing, art. 110 — 112 .••• 29 
Of Frendi Polishing, art. 113—116 .. 29 
Of Varnishing Furniture, art. 117—121 31 
Of Cleaning Furniture, art. 122, 123 . . ^2 
Index and Glossary of Technical Terms .... ^^ 



DIRECTIONS TO THE BINDER FOR PLACING THE PLATES. 



c PUUa being leremd to froin different PBge>> «B Ncominead placiDg Ihe whole togelber at (he end of 
; but where this method ia not adopted, Ibt Plates will be miMt coDTeoieDt oppoaite tbe Pa^ aa below. 



1. Description of Curves 2 

8. S 

s. s 

4. Sections of Solids ••• 8 

5. Developement of Soffits ••... 12 

6. Soffits 13 

7. Principles of Framing .. ••• • 15 

8. 16 

9. Scarfing Timbers 18 

10. Connecting Timbers 19 

11. go 

18. PariitioDs 21 

13. Naked Flooring 28 

14. Floors of a First-rate House 23 

15. Trussed Girders 24 

16. Girders trussed witli Iron 24 

17. Trusses of a Chapel Gallery 25 

is. Roofing SI 

19. Curb Roofs 81 

20. Roofs as executed S2 

21. 33 

22. Roof of St. Pancras Chapel 33 

23. Designs for Roofs 34 

24. Geometrical Lines for Roofs 35 

26. Polygonal Roofs 36 

26. Purtius tor Circular Roofs 88 

27. Domes 88 

28. 39 

29. Coverings for Circular Roofs 40 

SO. 41 

3 1 . Niches 43 

32. 44 

S3. Bracketing 45 

g4_ Pendentive 4G 

35. 47 

36. Centres 48 

37. Centres (Frontispiece) described 49 

3S. Groins and Arches 50 

89. S3 

40. Wooden Bridges 56 

41 . Timber Bridge across the Clyde 56 

43. Strength of Timber 69 

43. Mouldings, &c 84 

44. Framing Angles 65 

45. Framing , 87 

46. 6S 

47. Glueing-up Work, Sec 89 



48. Methods of Enlarging Mouldings, &c. 90 

49. Raking Mouldings 92 

50. — 98 

51. Hinging 94 

52. Hinging Doors onil Shutters 94 

53. FormationoftheShuttingJointsofDoon 95 

54. Doora 96 

55. Entrance Doors 97 

56. Jib Doors 96 

57. WindovFs 99 

58. Construction of Circular Sashes 100 

59. Windon Shutters 100 

00 101 

CI. 101 

62. Skylights 102 

63. Springing Mouldings 103 

64. Architraves, Surbases, and Bases 106 

65. Diminishing Columns 104 

GG. Fluting Columns and Pilasters 104 

67. Shop Fronts 106 

C8. 106 

69. 106 

70. Stairs 112 

71. 113 

72. Geometrical Stairs 113 

73. Elliptical Stairs 113 

74. Stairs and Handrails 114 

75. 115 

76. Hand-railing 119 

77. 120 

78. Scrolls for Handrails 121 

79. Hand-railing 122 

80. 134 

81. 125 

BS. 126 

83. 127 

84. 128 

CABINET-MAKING. 

1. Library and Hall Chairs 11 

8. Loo Table, and Colouring 12 

3. Drawing and Dining-room Chairs 13 

4. Library Bookcases 13 

5. Sideboard and Cellaret 15 

6. Borders for Inlaying 23 



i 



PRACTICAI. 



CARPENTRY. JOINERY, &c. 




BOOK I. 
CARPE^•TRY. 



CHAPTER r. 



INTRODUCTION. 

1. J.N the Art of Building, a design of the full size of the ohjcct to be executed is termed a 
working drawing ; and a working drawing ought to exJiibit every detail of the form and con- 
struction of the piece of work it represents, 

It will, therefore, be obvious how important it is that both the designer and the workman 
should understand the principles of making such drawings. Our object, in this part of oiu: 
Work, is, to explain those principles, and their application in practice. 

We will suppose the art of drawing lines parallel, or perpendicular, to one another to have 
been acquired ; leaving it to the reader's choice whether he will use a tee-square and drawing- 
board, or a parallel- ruler and set-square ; but we recommend the latter method. 

The methods of drawing the curved lines which sometinies occur in drawings, and the 
methods of setting out work on a large scale, being less generally known, we will, in the first 
place, explain these for the u»e of learners. 

To describe a Portion of a Circle. 

2. AVlien the chord-line AB, and the height CD, are given. 
First Method. — Let AB, the chord-line, be drawn; and 

through the point D, in the middle of tlie line AB, draw 
CE perpendicular to AB, and set off DC equal to the height. 
Join AC, and through its middle point, F, draw a line per- 
pendicular to AC, which win cut the line CE in a point, O, ~ 
wluch is the centre of the circle. With the radius OC, and 
centre O, describe the arc ACB, which is the portion of a 
drcle required. 

3. Second Metfiod. — When the distance of the centre is very 
great, a portion of a circle may be described by means of an angle. 

Let AC {pi. I, Jig. I,) be the length or chord-hne, and DB the haght. Jom AB and BC, 
and take two pieces of wood, with straight sides, and fasten them together, so that the outward 
edges may form the angle ABC ; then fix another slip, GI^ across, oa a brace, to keep them 

1. B 




correctly to tlie same angle. To describe the curvej begin with the angular point B, at A ; and 
move the triangle, so that the side BE may always be against the point A, and the side BF 
against the point C ; then a pencil held at the angular point li, will describe an arc of a circle, 
ABC. The legs BE, BF, should be a little longer than the chord-line, AC. 

4. Or, an arc of equal extent may be drawn by a smaller instrument, thus : Let AC, {Jig. 2, 
pi. /,) be the chord-line, and BD the height of tlie arch. Join AB, and draw BE parallel to 
AC. Form a trianguiur piece of wood ABE ; and to describe the arc AB, let the side AB of 
the triangle move against the point A, and the side BE move against the point B ; then, if 
during the motion a pencil be held at the angular point B, it will describe the arc AB, By 
causing the same triangle to move against the points B, C, the arc BC may be described, which 
will complete the arch ABC. 

5. Third Method. — A fiat circular arch is easily drawn, hy an instnunent which was first 
proposed by^Dr. Young, It consists of a straight bar, AB, (_fig. 3, pi. I,) of any convenient 
length, with an elastic bar, CD, which is bent to any required degree of curvature by the 
screw E. The ends of the elastic bar, CD, move against two small rollers, which are fixed to 
the bar, AB, by thin brass plates. In order that the elastic bar may form a circle, when bent, 
its depth at the ends should be half tlie depth at the middle j and it should be adjusted till the 
outside be a true circular arc when bent to its gieatest extent. When any tliree points in the 
curve are known, turn the screw till tlie outside of the 
elastic bar, CD, coincides with tlic given points, and draw 
the curve. 

6. Fourth Method. — ^To describe an arc of a circle J-**"^ \ ^---^^^^*^W''^P 
through any three given points, A, B, and C, which are j/^\ Jf-'\'^ /^^/ 
not in a straight line. 

Join AB and BC ; and from a, the middle of the line 
AB, draw ab perpendicular to AB ; and from c, the mid- 
dle of the line BC, draw cd perpendicular to BC. Then 
the point D, where the {perpendiculars meet, is the centre 
of the circle Irora whence the arc may be described. 




To describe an Ellipsis, qf any Length and Bi-eadlh. 

7. First Melhod.~l>T^'^ AC, ifg.i, pf. I,) equal to the length of the ellipsis, and divide it 
into two equal parts vVE, EC ; through E draw a line perpendicular to AC, and make EB, ED 
each equal to half the breadth. 

To find a point, as g, in the curve, take Aa, the difference between ED and EA, as a radius ; 
and from any point,/, in EB, describe an arc, cutting EC in //. Draw/A, and produce it to g, 
and make hg equal to EB, then ^ is a point in the ellipsis. 

8. The trammel is an application of the same principle. (Set Jig. 5, pi. I.) it is set by making 
hg equal to EB, or half the breadth ; and/A equal the difference between half the length and 
half the breadth. The point A moves in the groove in one arm of the cross, and the point/ in 
the groove in the other arm, while the point g traces the curve. 

9. \V'hen an ellipsis is to be described round a given rectangle, QRSG, (/^. 6, pi. /,) it may 
be effected by making IlK equal to IE ; and draw GH, producing it to meet EB in F. Then, 
FII is the difference between half the length and half the breadth of the ellipsis, and HG is 
half its breadth. The curve may, therefore, be descgbed by the method above. 
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DESCRIPTIOK OP CURVES. 3 

10. Second Method.— het AB (Jig. 7, pi. I,) he the length, and DD the breadth, of the 
ellipsis, aiid C the centre. 

Willi the radius AC, and centre D, descrihe arcs, cutting AB in F,/. The points F,/, are 
called Hie foci of an ellipsis. Take any point, n, in the length AB, and with tlie radii, nA and 
H B, and centres F,/, describe arcs, intersecting one another in M, then JI is a point in the curve. 

11. Hence, if a thread of the same length as the ellipsis have its ends fastened to two pins in 
the foci, F,/, and it be stretched to M, by moving a pencil round within the thread, so as to 
keep it uniformly stretched, the curve may be described. 

12. TTiird Method. — To describe an ellipsis by finding ji.i.s in the curve. Divide AE and 
AF, {^g. 8,) each into the same number of equal parts, as five for example. Through the 
points of division, 1, 2, S, &c., in AE, draw the lines BA, Bi, BA, &c. ; and through the points 
of division, 1, 3, S, &c., in AF, draw the lines ID, 3D, 3D, &c., intersecting the former lines in 
the points h, i, k, &c. Through the points \hihlD, draw the curve,~and it is one quarter of 
the ellipsis required. In the same manner the other parti may be described. 

To describe the False Ellipsis, ar an Elliptical Figure, by means of Circular Arcs. 

13. Let AB be the length, and CD the breadth, (fg. 9, pi. J.) Join BD, and make GD 
equal to the difference between DE and AE. Through the middle of the line BG draw ab 
perpendicular to BG, intersectuig EB in f, and EC produced in b. From the centres /and A 
describe the arcs /Bm, and mDn\ and complete the curve in the same manner. 

This curve is frequently used for bridges. Blackfriars' bridge has arches nearly of the same 
figure as would be obtained by this method. 

AVhen the length is not above one-third greater than the breadth, the circles meet one another 
without the change of curvature being strongly marked ; but when the length exceeds this pro- 
portion, a greater number of centres should be employed. The arcli of the bridge of Neuilly 
was drawn from eleven centres ; but it becomes more troublesome to draw a curve of good form 
by arcs of circles, than to draw it of the true elhptical figure, which is decidedly more beautiful. 
The arches of the Waterloo-bridge are ellipses. 



To descrihe a Parabola. 

H. First Method, by Tangents.— het AC (Jig. 10 or 11,) be the base, and ED the height. 
Produce ED to B, and make DB equal to DE. Join AB and BC ; and divide AB into any 
even number of equal parts, niunbcring them from A to B ; also divide BC into the same 
number of equal parts, numbering the parts from B to C. Join 1, I5 2, 2; 3,3; &c., and the 
lines so drawn will be tangents to tlie parabola ; and a curve, ADC, drawn to touch these tan- 
gents is the parabola required. 

This curve is adapted for arches in some cases : and this method of drawing it is much used 
for rounding off angles, as will be shown in other parts of this Work. 

15. Second Method, by Ordinates.—hel AC, (fig. \, pi. II,) be the width, and ED the height 
of the arch. Make EC equal to EA, and complete the rectangle AFGC, so that the side FG 
may pass through D. Divide AE and AF each into the same number of equal parts ; and join 
1 D, 2 D, 3 D, &c. from the divisions on AF. And from the divisions 1, 2, 3, &c., on AE, draw 
fines parallel to ED, meeting the former lines m the points A, i, k, &c., which are point? in 
tlie curve. 

The parabola answers very well for a Gothic arch when the line ED is made the springing 
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line. An example is shown of its application to the head of a window, in^g. 2 ; the mode of 
describing the curve is the same as \njig. 1, and the figures of reference the same ; but aay of 
the other methods of describing the parabola will apply to the same purpose. 

16. Third Method, by continued Motion.— Y.tt GH (Jig. 3,) be the edge of a straight ruler, 
and KLQ the internal angle of a square, of which the edge is parallel to KL, and coincides with 
the straight edge, GH. Then, if one end of a string be fastened at F, and the other end to the 
point Q of tbe square, and the side of the square be moved along GH, while the parts QM, FM, 
of the string are kept uniformly stretched by a pencil at M, the pencil will be moved and describe 
a parabola. 

If AC ie the breadth, and DE tbe height of the curve, the point F may be found by drawing 
aline from D to a, the middle of AE: and make ab perpendicular to aD, intersecting DE 
produced in b, then make DF equal to EA. The length of the string must not be less thaJi llie 
line D b ; and GH should be parallel to AC, and at any convenient distance from D. 

To describe a HyperhoJa. 

n. In this figiu-e (see/g-. 4, /)/. II,) the degree of curvature is not fixed by the height and 
width of the arch, but is capable of every degree of variation between the curvature of the 
parabola and the straight lines of a triangle. This variation depends on the position of the 
point B ; for the nearer that point is to D, the nearer the figure will be to a triangle ; and the 
more distant the point B is from D, the nearer the curve will be to a parabola. 

To draw the curve, divide AF and AE, each into the same number of equal parts ; and from 
the points of division 1, 2,3, &c. on AF, draw lines to D. Also, from the points of division 
1, 2, 3, &c. on AE, draw lines to the point B, cutting the former lines in the points h, i, k, &c. 
Through the points A, h, i, k, &c. draw a curve, and it will be the hyperbola required. 

To describe the Sections t^ a Cone hy a general Method. 

18. The eUipsis, parabola, and hyperbola, are curves formed by cutting a cone in different 
directions in respect to its sides ; hence they are sometimes called conic sections ; but as these 
figures are formed by various operations both of nature and art, it seems improper to name them 
from any particular ones. 

Let FI (Jigs. 5, 6, or 7,) be a line drawn through the foci of the curve, and A the vertex or 
top of the curve. Make AI equal to FA ; and when the curve has two foci, as in the hyperbola. 
Jig. 7, and the ellipsis, jig, 6, frcm the focus ^ as a centre, itith the radius /I, describe an 
arc QI. 

To find any point, M, in the curve, draw/QM, and join QF ; also from a, the middle of QF, 
draw aM perpendicular to QF, and it will meetyQM in the point M, a point in the curve. 

In the parabola, (Jig. 5,) as there is only one focus, draw QI perpendicular to IF ; and to find 
any point M in the curve, draw QM parallel to IF; join FQ, and oM being drawn perpen- 
dicular to QF, it will meet QM in M, a point in the curve; and any other point may ba found 
in the same manner.* 

In all the cases FM is equal to MQ, and Mo'is a tangent to the curve at the point M; also, 
a line drawn perpendicular to M a would be the proper direction for a joint at M, in a brick or 
stone arch, of any of these forms. 

• Tbii mtlhuil of Jrasia; Ihr icclioDs of s rone wm aicribed loMr.GibEOQ i but bi> WM uol comiilelr, and only JiBefcd 
in wut of cumplctcneu from duUmhU deKribed in Bmtnm't C<m(a. 
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DBSCRITTION OP CUKVES. A 

To describe Gothic Arches. 

19. A Gothic arch b generally composed of a curve, which has different degrees of curvature 
■t diSetent points; and a graceful curve of this kind cannot be produced by circular arcs; 
neither is it easy to describe them for tlie flat parts of the arch. To avoid this diiHcuIty, we 
have used the following simple instrument for several years. 

CB {Jig- 8, pi. II.) is a bar of wood of equal breadth and thickncEs, which is straight, as 
shown by the dotted lines C'B, when the string, Ca, is loose. The bar CB is fixed at one end 
into a strong piece, AB, of equal thickness to the breadth of the bar CB. The piece AB is 
provided with a groove on each side to receive a button, a, with a flat head to fix the string toi 
when the bar CB is to be retained at any degree of curvature. The part b is added to prevent 
Uie bar curving below the line AB. 

To use the instriunent, set the line AB to the sp ringing-line of the arch, with the point B 
adjusted to the line of the janib, and bend the bar CD by the string till some point on its 
upper edge coincides with the height of the arch, and the string should he adjusted so as to be 
|>erpendicular to the Une AB, by means of the sliding button ; then, the upper edge is of the 
proper form for the arch ; and by turnmg over the instrument, the other half of the arch 
may be described. 

:iO. A Gothic arcli may also be described by points in this manner : divide the base AE into 
eight equal parts, (see^g. 9,) and on each point of division draw a perpendicular. Then, divide 
ED, the height, into 100 equal parts, and make 7^ equal to 96 of these parts ; 6/ equal 91 parts. 
5e equal 86 parts; id equal 79 parts; Sc equal "iS parts; 2£ equal 63 parts; and la equal 50 
parts. Through the points Aabcde/gX) draw the curve. 

The example shows the head of a Gothic window, the arches of which may be described 
either by this method or the preceding one. 

21. To describe a Got/tie Arch by Arcs of Circles.— T-eX AB (^fig. 1, pi ITI.) be the spring- 
ing-line, and EC tlie height of the arch. Draw BD perpendicular to AB, and make it equal to 
two-thirds of tlie heiglit EC. Join DC, and from C draw CH perpendicular to CD. Make 
BF and CG each equal to BD. Join FG ; and from the middle of FG, draw u H perpendicular 
to FG, meeting CH in H. Then, F and H are the centres for describing (he curve, and the 
two arcs will meet in the line HFi, which passes through their centres. 

■\Vhen a line drawn fr^m A to C is equal to the width AB, the point H coincides with the 
point A, and the arch is drawn from one centre in A. Also, when the height is in any propor- 
tion greater than that which makes the line AC equal to AB, the arch may be described from 
one centre in the line AB continued. 

If this rule be compared with the remains of the best examples of Gothic architecture in this 
country, it will be found to nearly agree with them. 



TRANSFERRING CURVES. 

23. It often happens in making drawings, that a complex curve is to be transferred from one 

drawing to another. A very convenient matrunient for making such transfers, has lately been 

invented by Mr.AVAROiP.* Figs. 4, 5, 6, and 7, {pi. Ill,) represent this instrument and its 

I parts. AA, (Jig. 4,) is a plain slip of whalebone, forming the ruler ; BB, a series of graduated 

• '< TrauaclUmt itfthe Socittg ofArli." ^ol. XXXV, p. 109. 
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rods at right angles to a beam, CC, wliicli is formed of two pieces of wood or whalebone with 
slips of coik, or other elastic matter, between the rods. 

Figure G is a section of the beam, showing also the mode of connecting the rods to the ruler, 
by small joints of brass; anAJig. 5 shows another \iew of the same comiection. 

T^e wedges, marked DD, of wood or ivory, are for tightening or releasing the rods In setting 
or altering the cur\e j they tighten the rods by pressing against the elastic slips of cork. Fig, 7 
shows the wedges, D, D, on a larger scale, 



SETTING-OUT BUILDINGS. 

23. To set out a building to a plan, and build it with accuracy, is a branch of the building- 
art which few can perform with satisfaction to themselves, or to their employers, and chiefly 
from want of method. The great principle of setting-out well consists in providing the 
means of correcting the work as It proceeds ; and for this purpose, there should be two or more 
principal lines laid down in such situations that they can be restored at any time, during the 
progress of the building. Hence, it is obvious that they should be distuict from the walls : but 
it will be desirable to make the prmcipal or longest line parallel to the longest wall; and the 
position of the lines should be drawn on the plan. 

In an ordinary -sized and simple building, two lines, at right angles to one another, through 
the central part of the building, will be sufficient ; as AB, CD, Jig. 8. The points A, B, C, D, 
being chosen so that they will not be disturbed during the progress of the building, and that 
lines can be stretched from point to point at any time. 

To prove whether the lines AD5 BC be at right angles or not, set off 40 feet on aC, and 
30 feet on nB, and then be should be 50 feet, if the lines be square to one another. The same 
thing may be tried by rods, making it 4, 3, and 5 feet, instead of 40, 30, and 50 ; or 8, 6, and 
10 feet.» The distance and parallelism of the walls from these lines are easily tried at any time. 

21'. In setting-out any door, window, or other part, the distance of its centre from each wall 
should be measured, and half the width set off on each side of that centre; otherwise, from 
want of accurate woijtmanship, it may be found much out of its place, if measured from one 
wall only. 

25i In setting-out any complex figure, tliat mode of doing it should be chosen which depends 
least on the accuracy of performing tlie operation. We will give the usual mode of describing 
an octagon as an example. Suppose a square, IK.ML, (Jig. S,) to be set out on the angle E of a 
building, to find the sides of tlie octagon, it is common to 
make Ml, M4, L2, L7, and so on, each equal to ME; then 
1, 2, 3, 4, 5, 6, 7, and 8, are the angles of the octagon. 

26. Better f A ws. —Construct the square IKLM, and make 
En, Ed, Ee, and Ei, each equal to EM; then, if a line be aJ 
stretched from a to tl, from d to c, from c to b, an<i from b to n, 
they will cut the sides of the square in the angles of the 
octagon. 

If the figure has been truly set-out, abed will be an exact 
square, and which is easily tried. 

• If a IriangU be drmwu, «> thai its 8id« be any equi'inultiple of Ihe numbera 8, 4, and 5, one of ill anglea will bt a 
rishl BBgle. Thu>, if 9 be (he muUiplicr, Ibeo tbc oumben wiU b« 6, 8. and 10; if 3 be the mulliplier, then ibey will be 
9, 1!, and 15, aad soon. 
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WORKING DRAWINGS. 

27. It has already been stated how much depends on a sound knowledge of the formation of 
forking drawings. We now propose to exhibit the principles of forming them in detail, with 

occasional examples of application to render the object we treat on more clear, and to relieve 
the tediousness of the bare contemplation of lines and figures. 

28. A Working Drawing is a representation of the whole or of some part of an object on a 
level plane; and is either a plan, an elevation, a section of the object, or its development. 

29. The form of an object on the ground, or on some plane parallel to the ground, is called 
the Plan; as, for example, the plan of a bouse, the plan of the chamber-floor of a house, and 
the like. 

30. The form of an object, as it would be seen if the eye could regard it every where, in a 
direction perpendicular to the plane it is drawn upon, is caUed an elevation. Therefore, in an 
devation, those sides of an object which are parallel to the plane of the drawing, are the only 
ones which are represented of their real size ; and the sole difficulty of representing an object 
in elevation, consists in finding the form of the parts which are oblique to the plane of the 
drawing. 

31. If an object be supposed to be cut by a plane, the form its parts would have, at the place 
where it is cut, is called a Section. It is by means of sections that the construction and internal 
forms and arrangements of objects are shown. 

53. As an elevation does not show the exact fonn of any thing wliicli is oblique to the plane 
of the drawing, it is sometimes an advantage to consider the whole surface of the body to be 
spread out ilat upon the plane of the drawing ; a surface spread out tn this manner is called the 
dcvelopntenl of the object. 

The forms which occur in working drawings are chiefly portions of solids, sometimes of regular 
solids, and not unfrequeotly of irregular ones. Therefore, to give an example of each solid 
which occurs would be an endless task ; and we must conGnc ourselves to a few of the most usual 
forms, and show methods which arc applicable to any form of solid whatever. 

S3. The principles of drawing an elevation and a section are the same, and therefore we need 
not repeat them for both cases, but at once proceed to finding the sections of bodies, showing 
the application to elevations when they are likely to occur of the same form, 

34-. The solids usually forming the parts of building are prisms, pyramids, cones, cylinders, 
fpheres, and rings. 

A Prism is a solid, bounded by plane surfaces, of which two are opposite, equal, and parallel. 

A Ptbamid is a solid, bounded by plane surfaces, all but one of which meet in one point. 

A Right Cone is a solid, described by the revolution of a right-angled triangle about one of 
itB legs. The leg, or the line round which the triangle revolves, is called the axis of the cone | 
and the base of a cone is the circle described by the other leg of the triangle. 

A Cylisoeh is a solid, described by the revolution of a right-angled parallelogram about one 
of its sides. The side round which the parallelogram revolves is called the axis of the cylinder ; 
and the circles described by the ends of the parallelogram are called the ends of the cylinder. 

A Sphere, or Globe, is a solid formed by the revolution of a semi-circle about its diameter 
as an axis. 

A Ring is a solid described by a circle revolving roimd a point without the circle, and in a 
tUrection perpendicular to the plane of the circle. 
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A species -of wedge-formed figure is also sometimes used, and a variety of forms which are 
geBerated by Gothic curves, 

35. When the body to be represented consists of only part of a known regular soUd, it will 
generally be most convenient to complete the solid to obtain the representation. 

Sections of Solids. 

36. To find the section of a cone, ABC, through s line given in position, and passing through 
the axis. 

Let ABC, {figures 1, 2, and 8, pi. IV,) be the elevation of the cone, and let DE be the 
line of section. Through the apex or top of the cone, C, draw CF, parallel to the base-line 
AB, and produce ED to meet AB in D, as in fgure 2 and 3, or to meet AB produced in G, as 
in fig. 1, as also to meet CF in F. On AB describe a semi-circle, which will be equal to half 
the base of the cone. In the semi-circle take any number of points, a, 6, c, &c. Draw Dd.in 
Jigure 2 and 3, and Gd'ia/ig. 1, perpendicular to AB; and Gd', \ajlg. 1, perpendicular to OF; 
as, also, Drf', figure 2 and 3, perpendicular to DF. From the points «, b, c, &c. draw lines 
"e, hf eg, &c., cuttmg Gd (fgure 1) and Dd {Jigure 2 and 3) in the points e,f,g, &c. In 
Jigure I, make in Ge', Gf, Gg', See. equal to Ge, Gf, Gg, &c. ; and in Drf', (.figure 2 and 3,) 
make De', D/', D^-', &c. equal to De, D/, Tig, &c. Through the points e',f', g', &c. draw 
lines to F. From the points a, b, c, &c. draw hnes perpendicular to AB ; and from the points 
where these perpendiculars meet AB, draw hnes to the vertex, C, of the cone, cutting the line of 
section, DE, in /, v>, n, &c. Through the points /, m, h, &c., draw l/i, mi nk, &c. perpendicular 
to DE ; and through the points D, A, i, k, &c., in figure 1, or d', k, i, k, Sue. figure 2 and 3, 
draw a curve, which will be the section required of the cone ABC. 

37. Remaris. — In the first of these figures, the line of section cuts both sides of the cone ; in 
this case, the curve Hktk and E is an Ellipsis, lafig. 2, the line of section DE is parallel to 
the side AC of the cone; in this case, the curve d'/it/cE is a. Parabola. In fig. 3, tlie line of 
section, DE, is not parallel to any side of the cone; but when both it and the sides of the cone 
are produced, if it meet one of these sides, as at B', then the curve d'ht/cE is a Hyperbola. 

And it may also be remarked, that the line of section, DE, in fig. S, is the same as that which 
has before (in Arl. 17,) been called the height ; the part EB', contained between the two sides 
of the section, is called the major axis; and the line Dt/, perpendicular to DE, the base. 

Hence the same section may be found by the method already shown in Arl. 17; viz. by 
drawbg any straight line deb, fig. 4: make de equal to DE,_^^. 3, and cb',fig. 4; equal to 
EB', fig. 3. Through d, fig. 4, draw the straight line DD at right angles to db' : make e/D 
equal to Dd', fig. 3 ; then, with the major axis b'e, the height ed, and the base dD, on each 
side describe the curve of the hyperbola, which will be of tlie same species as that shown 
in fig. 3. 

38. To describe the section of a cylinder, through a line given in position, upon the elevation, 
(fig. 5, pi. IV.) 

This might be considered a particular case of the last problem. For a cone, having Its apex 
at an infinite distance from its base ; or, practically, at an immense distance from its base, 
approaches to a cylinder ; and all the lines, for a short distance, would differ insensibly from 
parallel lines. This is die construction shown at fig. 5. But as the section of a cylinder 
frequently occurs, a more practical description of it is desirable. 

Let ABHI {fig. 5) be the elevation of a right cylinder ; AB being the base, and let DE be 
the line of section. On AB describe a semi-circle ; and, in the arc Ad, take any number of 
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pointSy a, fr, c, &c.f firom which draw lines perpendicular to the diameter, AB, cutting it in 
Qy R, S, &C. : and the line of section^ D£> in the points, q, r, s, &c. : from the points q, r, s, &c. 
draw the lines qi^ rk, si, &c. perpendicular to the line of section, DE. Make the ordinates 
qif rkj si, &c. each respectively equal to the ordinates Qa, Rft, Sc, &c. ; and through the 
points D, i, k, I, &c. to E, draw a curve, which will evidently be the section of the cylinder, 
as required. 

The curve is an ellipsis ; hence the same may be done in this manner, viz. — ^Bisect the line of 
section D£ in the point /. Draw tm perpendicular to DE. Make tm equal to the radius of 
the circle which forms the end of the cylinder ; then, with the length DE, and the breadth, tm, 
by any of the methods in Art. 7, and those following it, describe an ellipsis which will be the 
section of the cylinder required. 

39. Given the position of three points, in the circiunference of a cylinder, and the heights of 
the perpendiculars, let fall from these points to the base, to find the section of the cylinder 
passing through these three points. 

Let ABC be the feet of the perpendiculars from the three points, (Jig, 7, pL IV,) in the 
circumference of the base. Join the two points, A and B, and draw AD, CF, and BE, per- 
pendicular to AB. Make AD equal to the height of the point above the base at A, BE equal 
to the height at B, and CF equal to the height at C. Produce BA and ED to meet each 
other in H : draw CG parallel to BH, and FG parallel to EH. Join GH. In GH take 
any point, G, and draw GK perpendicular to CG, cutting BH in K: from the point K 
draw KI, perpendicular to EH, cutting EH in L. From H, with the radius HG, describe 
an arc, cutting KI at I. Join HI. In the circumference of the base ACB, take any number 
of points a, b, c, &c., at pleasure, and draw ae, bf, eg, &c. parallel to GH, cutting AB at 
e,f, g, &c. Through the points e,/, g, Sec, draw lines ei,fk, gl, &c., parallel to GK, or AD, 
or BE, cutting DE at i, k, I, &c. ; from the points, i, k, I, &c., draw the lines in, ko, Ip, &c., 
parallel to HI. Make the ordinates in, ko, Ip, &c. equal to ea,fb, gc, &c. ; then, through the 
points D, n, o,p, &c. draw the curve Unop, &c. to E, and it will be the section cut by the 
plane, as required. 

The most useful application of this case is to find the moulds for hand-rails of staircases ; this 
application will be shown in treating of that part of our subject. 

40. A wedge-formed solid is one ending in a straight line, in which, if any point be taken, a 
fine firom that point may be made to coincide with the sur&ce : the end of the figure may be of 
any form whatever. 

The forms which occur in architecture have a semi-circular, a Gothic arched, or a semi- 
eDiptical end, parallel to the straight line from which the line is appUed. The base b generally 
a triangle. 

To find the section of a wedge-formed solid, with a semi-circular end, the given dcda being 
a plan, perpendicular to the vertex, or sharp end, and the line of section. 

Let ABC, (Jig. 6, pi. IV,) be the plan, perpendicular to the sharp edge, and let DE be the 
fine of section. 

This construction is similar to that of finding the section of a cone, excepting that, instead of 
drawing lines to a point, they are, in this figure, drawn parallel to the line of section DE : the 
ordinates Qa, Rt, Sc, &c., being transferred respectively to ji, rk, si, &c. ; and the curve 
D, i, k, l, &c. to E, drawn through the points, D, i, k, I, &c., by hand. 

41. It must be obvious that, in any of these cases, if the curve D t£2E be given, the end ArfB 
may be found by reversing the process. 

«. D 
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Th» etamplfr applies to drawing the interior elevation of a iHndow or door wheil the jaitibs 
are splayed at the sides, and level at the crown. The interior fiice of the wall, AB, is commonly 
parallel to the exterior one DE ; but the figure is drawn wilh the walk oblique to one another 
to show the general nature of the construction. 

Fig. 1, pL IV, applies in hke manner to the caie where a window or door b splayed equally 
all round. 

The construction is not confined to jiarticiddr curves in any of these examples ; that is, what- 
ever form is givien to the original corves, die other will be found by the preceding processes to 
correspond to (fhetM^w 

42. Given the {dan of a sphere, and the fine of a siection at right angles tio that plan, to find 
the foim of the section. 

Let ABC (Jg. 8, pi IF,) be the plan, and AB the line of section. 

On AB, as a diameter, describe a semi-circle, which wiB be half ef the section required : 
since all the sections of a sphere, or globe, are circles. 

43. Given the plan of a spheroid,* and &e line of seiDtion, at right 
angles to the plan, to find the form of the section throi^h that line. 

Let ABCD be the plan, DB the breadth, and EF the fine of sec- 
tion. Through the centre of the spheroid draw AC parallel to EF. 
Bkdct EF in H. Jom CD ; and draw EG parallel to CD, and HG 
paralHel to DB ; then HG is half the breadtby and EF the length b} 
of the section ; and with this length and breadth dclseribe an elfipsis, 
by Art. 7, or any of those methods already described. 

When EF, the Ime of section, b {>erpendicular to DB, then AC 
becomes equal to the length of the plan, and EGF (Jig. 9, pL IVy) 
represents half the section. 

44. To find the section of a ring, the plan and fine of section being given. 

Let ABED (flg. 10, pi. IV,) be part of the plan ot a ring; AB a straight fine. Which, if 
produced would pass through F, the centre of the ring ; and DE the line of section. 

On AB describe a semi-circle, and take any number of points, a, 6, c, d, See. in its circun- 
ference ; then draw the ordmates ae, bf, ge, &c. pei^ndieular to ABw From the points 
e,f, g, &c. and cetitre F, describe arcs of cbcles, cutting the line of sectidn DE iai^k^l, m, ftc.; 
and from each of these points draw fines perpendicular to DE. Make in eqtial to eit\ ko equal 
to/fr, &c. ; and through the points D, n, o, p, &c. draw a curve, which is the bohnndary of the 
section required. 

Many other examples of sections will be found in different parts of tihe Wdtk. 

Develapement qf Surfaces. 

45. We have abeady explained th^t the deirelopem^fnt of the surfiiecr 6f tny body is the smne 
as describing a flat surface that would cover the body, {Art. 32.) In most woAs which are 
bounded by curved surfaces, this mode of drawing is extremely tiseihl ; as, for example, in 
covering domed roofi, centres, and the fike, in finding the moulds for arches, fat forming the 
moulds for hand-rails, and the soflSts of staurs ; and in finding the forDtu^ f<($r veneers, atid Inoillds 
for soffits of windows, arches, and the like. 

• A ipheroid ii a figure generated by the revolution of a Mmi ellipiit rbiirid Me of iti ikHttcipd dMMMfe. 
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The derdopem^it of a curved surface might be obtained, in many instances, by the surface 
hiibg rolled on a pkae, so that aU its parts should be successively in contact with the plane. 

46. To find the developement of the curved surface of a right cylinder. 

The' surface is evidently of the same length as the cylinder, and of the same breadth as the 
dreumference of the cylinder. And as the circumference of a circle Sf th times the diameter, 
the breadth of the developement will be 3f th times the diameter of the cylinder, and its length 
4|fae length of the cylinder. 

If only a portion of the circumference of a cylinder is to be developed, as, for example, the 
portion Do, (^. 2, pi. HI.) Draw the line DF through the centre C of the circle, divide the 
radius DC into four equal parts; and make £F equal to three of these parts. Draw Tip 
perpendicuhur to DF ; and from the point F, and through the point o, draw 'Ep ; then Dj) is 
equal to the arc Do, very nearly. 

In the same manner D 1 is the length of the arc Da; D2 of the arc D6, &c. to D6^ which 
is equal the quadrant DB. And if the length, D4^ of any arc, as Dc^ be found, and it is 
required to divide that arc into anynmnber of equal parts, we have only to divide D 4 into the 
proposed' number of parts*, and from the points of division to draw lines to F, and these lines will 
divide the arc into the same number of equal parts. 

47. When a portion of a cylinder is to be developed, and its diameter is so great as to render 
the preceding method troublesome, it may be done in this manner. Let ADB {Jig. 3, pi. Ill,) 
be the portion of the plan of the cy linden Join AB, and divide it into four equal parts ; set off 
A/ equal to one of these parts, and from the third division draw the line Sf. Then the line 3/ 
k very nearly equal' to half the length of the arc AB. 

Otherwise. — Draw DS perpendicular to the middle of AB; and with the radius AD, and 
centre A^ describe the arc De. Divide Sc into three equal parts^ and make cd equal to one of 
these parts ; then Ad is equal to half the length of the arc ADB. 

Hefice if aDb be made equal to either, twice A^ or twice 3/, it will be the developement of 
the arc ADB. 

48. If it be required to develope a eorve which is not a circle, it may be done by the operation 
called stepping* A pair of compasses must be set to such an opening, that a portion of the 
fackest -paiti of the curve, ineluded between their points, may not sensibly differ firom a straight 
liae. Then/ beginning at one end, A^ step with 
the points ef the compasses along the curve AD, 
and suppose the last step td be at D, set off an 
«pal iiwliber of steps on a stra^ht linoi and 
aske db equal to DB; then ab wiE be very 4 
aearly equal to the length df the curve AB. ""^ ' ' ' ' ' ' ' ' ^~^ * 

This mode of finding the length of a curve requires much care in practice, to render it 
accurate enough for use. 

49. To find the devriopeitent of the Curved sur&ce of a cone. 

Let AFB (Jig. 1, pi. F,) be the plan of the cone^ and AEB a plan of half its base. With the 
radius AF, and F as a oentfe, describe the arc Aeb^ Divide the arc A£ of the plan of the base 
Into soy number of equal parts, and set off the same number of these parts from A to e; 
mi make bd equid to Ae* Join ¥b, and FAeb is the developement of half the surfi^ce of 
the cone. 

OMaawMKr-^Mdltiply half the diameter of the base in inches by 360; and divide the product 
by At leagtb AF IB irndie^ and the quotient will express the degrees, and parts of a degree. 
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contained in the angle AF6; therefore, if AFfr be made equal toh'that angle, it will bethe 
boundary of half the developement. Thiis, if half AB be \% inches, lind AF be 42 inches, then 
8(K)^xi2 ,.|Qg degrees 51 minutes, for the angle AF 6. 

When only part of a conic surface is to be developed, and ABCD represents the plan of die 
part, then proceed as before ; and the covering for the whole cone being found, with a radius 
FD, and centre F, describe the arc Dc, and ADcft will be the deyelopement of the part ABCD 
of the cone. 

If ABCD be the plan of the walls of a semi-circular headed window, which is splayed equally 
all round the head, then ADcft is the lining of the soffit, which is lightly tinted to show it more 
distinctly. 

50. To find the lining of a soffit formed by a circular p.perture in a circular wall, when splayed 
equally all round. 

Let ABCD be the plan of the aperture, (Jig^ 2, pi. V.) Produce the lines AD and BC to 
meet in F ; also, join AB, and describe the arch AEB. With the radius A£, and centre F, 
describe the arc A 6 ; and make its length equal to that of the arch AEB, as in the preceding 
example, marking the points of division on both arcs, as at 1, 2, 3, &c. From the points 
1, 2, 3, &c. in Aft, draw Imes to F ; and from the points of division in AE, draw lines perpen- 
dicular to AB ; also, from the points in which these perpendiculars cut the line AB, draw lines 
to F ; and from the points where the lines to F cut the plan of the wall, draw lines parallel to 
AB to meet the line AD, then from the points of meeting, and centre F, describe arcs of 
circles, each circle to meet its corresponding line IF, SF, 3F, &c. which will determine the 
form of the edge of tlie lining of the soffit. The whole lining is shown by the lightly tinted 
part, ADcb. 

The problem stated in general terms, is to find the developement of the interior surface of the 
aperture, formed by piercing a conical hole through a hollow cylinder. 

51. To develope the soffit of a circular arch, which cuts obUquely through a straight wall. 

Let ABCD be the plan of the wall. (Jig. 3, pi. V.) From the point C, draw CGc perpen- 
dicular to CB, and produce AD to 6. On CG describe a semicircle CFG, which is the cur- 
vature of the arch. Divide the semicircle GFC into any number of equal parts, so small in 
practice that the distance between two points on the arc may be considered a straight line, and 
extend the same number of parts along from G to c. From each point, both in the arch and in 
the line Gc, draw a line parallel to GA; and from each point, where the parallels from the 
divisions in the arc cut the line AB of the wall, draw a line parallel to Cc, which will meet the 
corresponding parallel of the developement in the edge of the soffit; and the line A.eb being 
drawn through the points thus found, will be the form of the edge corresponding to the side AB. 
The breadth of the soffit measured on the parallels will be every where the same, and equal to 
AD, or BC ; therefore, setting off this breadth on each parallel will give the other edge, and 
completes the soffit ADc&e. 

If AGCH had been the plan of the opemng, then AG ch would have been the hning of the 
soffit, as it would in that case have been half a cylinder. 

52. To develope the soffit of a circular arch, which cuts obhquely through a circular wall. 
Let ABCD, {Jig. 4, pi. V,) be the plan of the wall. Draw Dd perpendicular to DA, and 

produce BC to meet Ddin G, On DG, as a base, describe the arch DFG, and divide it into 
equal parts ; and extend those parts on the line Gc2, so that Gd may be equal to the length 
of the curve DFG. From each point of division draw a line parallel to GB ; and from the 
points where the parallek, from the divisions in the arch, cut the lines of the wall in the plan. 
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WORKING DRAWINGS 13 

draw lines parallel to Del; and these lines will meet the parallels from the divbions in Gd, in 
the edges of the soffit CB ad, which is distinguished by a light tint in the figure. 

53. To develope the soffit of a Gothic arch^ when the splay at the top is less than at the jambs. 
The plan, the elevation, and the developement of the soffit, is shown in pkUe VL Let AD, 

on the elevation, be the arch of the window, and BE the arch formed by the inner line of the 
architrave. Divide the arch AD into any nimiber of equal parts ; and from each point of 
division let fieJl a perpendicular to AC on the plan, which gives the points 1, @, 3, &c. Produce 
BA to meet the middle line C'C in F ; and from F draw the lines F 1, FS, &c. to cut the line 
BC in a, 6, c, &c. Transfer the points a, 6, c, &c. from BC on the plan to BC on the elevation, 
and from each point draw a perpendicular to BC, meeting the arch BE in the points a, 6, c, &c. 

Make FI on the plan perpendicular to FC, and FK perpendicular to FA. Then, to find any 
point, as 2 for example, in the developement, make Cm and Cn on the plan, respectively equal 
to dm and 2n on the elevation ; and through the points m, it, in the plan, draw a line to meet FI 
in r, and transfer the distances rn, rm to the line FC ; and from the points thus found in FC, 
draw lines parallel to AC to meet Fi in o waAp. Make F« equal Fr ; and from the point «, 
with the radius Fo, describe an arc at 2 in the developement. In the same manner describe 
arcs for each of the points 1, S, 3, &c. in the developement. Then, with a radius equal to one of 
the divisions Al, on the arch AD in the elevation, and the point A on the plan, as a centre, 
cross the arc at 1, which determines the point 1 in the developement; and from the point 1, with 
the same opening, cross the arc at S ; and from the point of crossing at % cross the next arc at 
3, and so on, till the whole of the points A, 1, 2, 3, &c. in die edge AD of the developement, 
be found. 

To find any point, 6, in the other edge, through the points «, % draw the line sb, and make 
2i equal to op ; and so of other points. Lines drawn through the points will gplve the form of 
the soffit, ABED, as shown by the figure. 

The same method applies to the case where the soffit is level at the crown. And it is drawn 
for a Gothic arch in the figure, but it is equally applicable to any other kind of arch. 

54. As no line can be formed on the edge of a single piece of timber, so as to arrange with a 
given surface, nor in the intersection of two surfaces, (by workmen called a grain,) without a 
complete understanding of both the sections and coverings of solids, the reader b required not 
to pass them, until the operations are perfectiy familiar to him ; and for the more efiectually 
rivettilig the principles upon his mind, it is requested that he will model them as he proceeds, 
and apply the sections and coverings found on the paper to tiie real sections and surfiEices of Ida 
models, by bending them around the solid. 
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CHAPTER II. 



CARPENTRY. 

55. Carpentry is t^e art of applying timber in the construction of buildings. 

To CUT TIMBERS^ and adapt them 'to their various situations, so that one of the sides of every 
timber may be arranged according to some, given surface as indicated in the designs of the 
architect, is one department .of Carpentry which requires profound skill in geometrical construc- 
tion. The other departnient cokitfists in the art of applying and joining rough timbers, so as to 
give the greatest degree of stitength. 

For these purposes, it is necessary to be expert in the common problems we have given, with 
a thorough knowledge of the sections of solids and their coverings, and the various methods of 
connecting timbers. Of these subjects, the first has already been expldned in the introduction 
to this Work, and we are now about to treat of die other; that is, the Methods of Connecting 
and Framing Timbers. 

Since a thorough knowledge of Carpentry can be obtained only by considering both depart- 
ments in the construction of each piece of work, the principles of framing and connecting timber 
being carefully studied, we may then proceed to consider each subject, or smaller division, of 
the art with referience to both\he departments. 

56. When the distance of two walls is not much more than fourteen or fifteen feet, a floor may 
be fohiied oVer the space between them, of sufficient strength by a series of joists, or a roof may 
be formed by a series of rafters ; but when we want to coyer an area of forty or fifty feet square, 
no single piece of timber would be of that strength which is necessary to render a floor or a 
roof firm and secure. 

ELence, it is necessary to combine pieces of timber for such purposes, and to combine tfaem 
so that they may have the greatest possible degree of strength and firmness. The art of com- 
bining pieces of timber to increase their strength and firmness is called Framing. 



PRINCIPLES OF FRAMING. 

57. The form of a frame should be designed according to the nature of the load it is to carry; 
for it is clear that the framing which would be best adapted for supporting a load at the middle, 
would not be equally fit to carry a load at any other point of its length. In carpentry the load 
b usually distributed over the whole length of the framing ; but it is generally supported from 
point to point by short beams or joists. We will first consider the case where the load is col« 
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SCARFING BEAMS. 17 

In most of the cases which occur m practice^ the weight to be supported is not regularly the 
samey it being sometimes more on one side, and sometimes on another ; therefore a line drawn 
dirough its centre of action b not always exactly in the same place. Thus^ in a roof, the wind 
acts sometimes on one side and sometimes on another ; and> consequently, its strength must not 
depend altogether on a balance of its parts, as many mere theorists have imagined ; but it must 
be provided to resbt every variation of pressure by braces, disposed so as to resist any change 
of figure : examples of the application of braces will be given in treating of partitions and roofs. 

64. There are cases where the strains do not depend on the position of the parts of the frame, 
and these it is important to explain, because they have sometimes been misimderstood, and have 
led to very inaccurate notions respecting the strength of framing. For example, if a heavy lead 
flat be supported by a truss, of which the depth at the middle point is CB, {fig* 4, pL Vllly) 
then, the weight being uniformly distributed over the length, the centre of the weight, resting on 
half the truss FG, will be at E. This part of the weight is to be supported from the points 
C and D ; and the direction EC cannot be varied ; therefore ED must be the direction of the 
stress on the point D, whether the strut be in that direction or not. The best place for the 
stmt is the direction ED, as shown in the figure, unless the framing be contrived so that a para- 
bolic curve, AC, can be described through the centre of its depth, as shown in the side, AC, of 

the figure. 

It should also be observed, that the strains at C and B are not altered by any arrangement of 
the framing, not even if all the other parts could be made solid masses, without addition to their 
weight. So that ^o render the truss stronger the bulk of the timber must be increased at B and 
C, or the truss made so much deeper. 

65. When the spreading of a frame is to be counteracted, it is most efiectively done by a 
straight tie-beam, connecting the points together ; but sometimes a carpenter b so limited for 
space, to form a truss in, that he cannot obtain a straight tie, and then it b desirable to know 
the strain on such a tie as can be procured. 

Let ACD (Jig* 5, pL VIII^ be a truss to which a straight tie, AED, cannot be applied 
without interfering with the architect's design. In this case, let AB and BD be the ties ; and 
draw the lines in the middle of the pieces, forming a triangle, ACB. Then, as CB is to AB, so 
is half the load at C to the strain it produces on the tie AB. And the strength of the frame 
ABCD is to the strength of a firame of the same quantity of material, having a straight tie AED, 
%s CB b to CE. In the example we have drawn, the frame would have only half the strength 
of one with a straight tie. 

It b also a serious defect in thb species of framing, that its settlement, however small it may 
be, tends to spread out its supports, A and D, while an equal settlement of a frame, with a 
straight tie, has scarcely a sensible efiect ; and the tendency of what effect it has, b, to draw the 
supports nearer together, instead of spreading them asunder. 



ON SCARFING AND LENGTHENING BEAMS. 

66. When timber cannot be procured of sufficient length to answer a required purpose, it 
becomes necessary to join two or more pieces together, in order to obtain the extent required, 
and die mode of uniting the pieces b called Scarfing. 

8. F 
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. ScARFiMQ isy therefore^ the art of CQimectipg two pieces of timber together^ in such manner as 
to appear like one piece^ and possess sufficient strength to answer the purpose which renders 
this connection necessary. 

In scarfing timber it is not requisite to pay particular attention to the form of the joint, as 
that can be altered at pleasure, to meet the views of the mechanic. 

In each piece of timber to be joined, the parts of the joints that come in contact are 
called scarfs. 

Scarfs are formed either by a slanting joint, or by notching the two parts together; andj 
sometimes, by a third short piece, which has a mutual connection with the two. 

The projecting parts of a scarf are called tables. 

When the scarfs are put together, they are usually firmly secured in that position by bolts 
passing through the joints. 

Some of the most useful methods of scarfing beams will be understood by a reference 
to the plate IX, 

67. Figure 1, on this plate, shows the method of lengthening beams, without shortening the 
pieces, by applying an intermediate piece, and connecting the three by means o{ steps; the joint 
being secured by iron plates with bolts. 

68. Fig. 2 represents another method of joining beams by steps, where the timber is shortened 
as much as the length of the scarf. 

69. JFV^. 3 is a method of building beams, by uniting smaller ones together ; where the dif- 
ferent lengths meet, they are connected by tabling, as at A, if the timbers be of sufficient length, 
or as at B, if they be short. A person of judgment will always choose that method which makes 
the smallest number of joints ; and hence will prefer the joining at A, to that at B. The jouit 
A may be tightened by wedges, if an accurate and neat joint be required. 

70. Another method of joining by tables is shown by Jig, 4, the parts being locked together 
by a pair of wedges, or keys. No. 2 is & perspective sketch of the scarf and tables. 

71. Fig. 5 shows a method of joining two pieces of timber by an oblique scarf; the mode of 
forming the parts is shown by the perspective sketch, No. 2» The ends may either be cut square 
across, or as shown in No. 2 ; the latter mode of cutting makes it less difficult to keep the pieces 
fair and even at the joinings. 

72. But timbers may be lengthened in various ways, besides those we have already noticed, 
either by making the piece of timber in two or more thicknesses ; or, by securing one piece to 
another, with a piece on each side, over the joint, and then spiking or bolting each piece on 
both sides of the joint. Sometimes the pieces that are applied on the sides are made of wood, 
in this case it is colled Jishing the beam. Such modes are used in ships, when their masts, beams, 
or yards, are broken, in order to mend them. Other modes of continuing the length of timbers 
or beams, are by splicing them with a long bevel-joint, ending in a sharp edge at the end of each 
piece. Sometimes the sharp edge of the end of each piece is cut ofi^ so as to form an obtuse 
angle at the top. Sometimes the splice is so formed that the two surfaces which come into con- 
tact are indented into each other, which adds greatly to their security, when firmly bolted to- 
gether. Every kind of scarf for stretigth should have a strong iron-strap upon each opposite 
side, extending in length considerably beyond each joint. Timbers that are scarfed and strapped 
ought to be so applied that the sides which are strapped should be the horizontal sides ; for, if 
otherwise applied, they will be liable to split at the places where they are bolted. 

But if the surfaces having the abutting joints be placed in a vertical position, there ought to 
be two straps at the top, and two at the bottom ; each strap being brought close to the hori- 
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CONNECTION OP TIMBERS. 10 

By tliis method the scarf will be much stronger tlian when set m the other position, 
ifrith the joint of the scarf horizontal. 

rS. Fig. I, plate X, shows a method of huitding a beam for any purpose for which one piece 
of timber would not be of sufGcient strength. The pieces should be put together so that the 
jt^pfts may be as far distant from each other as possible. In this instance the section of the 
beam is supposed to be in eight pieces. The reason for preferring small parts, is, that the beam 
may not be rendered weak at particular points by the abutting joints of large pieces. AB is 
ihe dde, CD the section, and FE the plan of the upper surface of the compoimd beam. 
74. Fig. 2 shows a scarf, with indents, and wedges, to draw the joints close. It is a very good 
simple species of scarf. 

^g. 3 is a plainer kind, but its connection depends entirely on bolts and straps. 
Fig. 4 is a good kind of joining for cases where bolts are not used, and much strength is not 
required. AB is the side and BC the upper surface. The joint to be tightened by the 
wedges, ab. 

When the parts are not long enough to allow of being joined by the preceding method, a key 
may be employed, as shown hy Jig. 5 ; the parts being forced together by wedges, as at a and A. 
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Cotmecting Horizontal Timbers at Right Angles. 

f*t5. The connection of many kinds of horizontal limbers is effected by notching. In wall- 
plates the joints are formed as fig. 6, where CD' is the side of the piece CD. The addition 
of a pin through the joint is a common and a useful practice. 

Fig. 7 shows a joint for the case where the ends have to be cut fair, as in external wall-plates, 
the walUplatcs of hot-houses, and the like ; CD' shows the plate CD when the other is removed, 
and AB' is the plate AB turned upside down. 

76. When the timbers are not in the same plane, hut yet so that the upper can be notched 

into the lower ones, as in jig. 8 ; then this figure shows the most effective form for the joint. 

CD b a wall-plate, and AB may be a tie-beam, a binding-joist, a diagonal tie, or any other 

t which it is important should be firmly connected to the wall-plate. Giving the timber 

lott bearing at E adds much to its strength for bearing purposes. The figure is drawn 

■It in the proportions usual in practice. 

. The principle of notcliing, with square abutting joints, has always been much adhered to 

by the best carpenters; hut its advantages over the dove-tail joint, in not admitting the joint to 

draw when the timbers shrink, was, we believe, first noticed inTredgokVs Carpentry. (Scc^IX, 

p. 146.) He has shown that all dovetail-joints will draw, when the timber shrinks, and that the 

oblique surface of the dove-tail acts as a wedge to force the timber apart. 

78. Where the timbers are in the same plane, and not sustained by walls, except at the ends, 

I as in the case of joists and other flooi' timbers, the joints ought lo be formed so as to have Ihe 

best possible bearing without weakening either the supporting or the supported joist. The 

joint of a binding-joist framed into a girder, is shown hyjig. 1, plate XI; and it is one of the 

! most perfect joints of this kind that we have seen. A is the section of the girder through the 

joint ; B, a binding-joint in its place ; C, one drawn out to show more distinctly the form of the 

joint. In fitting it, the lower bearing, a, should take the pressure equally with the tenon, or 

I rather more than less of it. The sloping tusk, b, it will be observed, extends further on to the 

L tenon tlmo the lower bearing, so as to strengthen it. The joints are held together by pins. 
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79* When timbers are not in the same plane, and continue across one another^ it is usual to 
notch them ; but, in so doing, the timber should not be cut away more than b absolutely neces- 
sary. Where the timber has to be notched down not more than one-fourth of its depths it may 
be done as in^. 2 ; but when the quantity to be notched down is more than one-fourth of the. 
depth, Jig, 3 shows the mode usually adopted. 

Co7inection of Horizontal to Vertical Timbers. 

80. If a horizontal timber to support a considerable weight has to be framed into a vertical 
post, it should have a degree of insertion in proportion to the strain upon it (see Jig. 4>f plate X/.); 
and if the breadth of the timber be greater than 6 inches, a double tenon will be better than a 
single one. There is no objection to double tenons for bearing'purposes, where the tenon is 
vertical, but they have been very justly objected to for horizontal bearing timbers, on Account of 
the difficulty of making each tenon bear alike. To prevent the joint being drawn out beyond 
the insertion, it should be secured by a pin for ordinary purposes, or by a strap where the strain 
is great* 

Abutting' Joints Jhr Oblique Timbers. 

81. The proper formation of a joint, when the surfaces are oblique to one another, is one of 
the most difficult tasks in the whole art of framing. We hope, however, to be of considerable 
assistance to the practical Carpenter in this matter, and we will take for illustration the familiar 
case of che joint between the foot of a principal-rafter and a tie-beam. 

In the first place, when the truss settles, from its own weight being increased by the addition of 
the covering, the settlement tends to throw the pressure on the internal angle of thb joint: hende 
it is desirable that the chief abutment should be as near to that angle as possible. This is also 
attended by the advantage of removing the abutment further from the end, and, consequently, 
further from a risk of decay. Perhaps these properties are attained in the greatest degree by 
the joint, ^g. 5. The dotted line shows the tenon. The extreme end receives the strap, 
indicated also by dotted lines. 

Fig. 6 is a more common form, but certainly not so good when the above' reasoning is considered. 

Fig. 7 is a better form than^g*. 6 ; its greatest defect consists in the difficulty of fitting two abut- 
ments, and particularly where they are likely to change their position by the settlement of a roof. 

Fig. 8 is of an intermediate kind between these varieties ; it is a very simple and effective joint. 

82. When the timbers will allow of being cut for the purpose, a joggle-joint is the best. In 
king-posts and partitions the joints are generally done in this manner. Fig. 9 is an example of 
the head of a king-post with a joggle-joint. 

At the side, marked A, the joggle is cut so as to receive the whole of the end of the rafter -y but 
we prefer that a part should abut against the side of the king-post, as at B : first, because there is 
less width of wood to shrink ; and, secondly, when the abutment is made to bear most on the 
angle a, the joint is less affected by any change of position. In fact, it then resembles the 
circular joints so strongly recommended by Professor Robison and Mr. Tredgold. 

83. The thickness of the tenon for any of these kinds of joints is generally made one-fourth 
of the thickness of the timber ; and the tenons are made short in modern worksj the joints being 
bound together by straps of iron. 

Having treated of the principles of framing, and the construction of joints, we now proceed to 
examples of their application. 
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84. PartitionSi in Carpentry, are framed divisions between rooms, filled with ribs of timber 
for sustaining the laths and plaster. 

It is evident that long pieces of timber, when supported only at each extremity, will descend 
more and more towards the middle, and will take a curvature ; but, if supported by trusses or 
' braces from any fixed points, the braces will prevent that deflexion from the strdght line. 

85. Figure 1, pL XII^ is a design for a Trussed Partition, with a door in the middle. In 
Older to keep the timbers from descending, two braces, A, A, are introduced, one on eaclf side of 
the door-way, and the weight is supported at each extremity of the sill. The two struts, D, D, 
wUch support the middle of these braces, ave sustained at the lower extremities by the bottom 
of the door-posts. Now the door-posts cannot descend without pressing down the braces, and 
die braces cannot descend without forcing down the extreme posts ; but, as each end of the 
footbeam* or sill, is supported by the wall, the extreme posts cannot descend ; therefore the 
two braces cannot descend, and the posts on each side of the door-way cannot descend ; 
consequently, the timbers will keep straight. But the weight of the quarters may still have a 
slight tendency to bend the braces : in order to prevent this effectually, the parabolic arch may 
be introduced, as shown in the figure. 

86. Figure 2 b a design for a partition with two door-ways, one of them being a folding-door. 
Here the braces on each side of the large opening not being each supported at each extremity 
of the sill, and as the upper part of the space is not interrupted by openings, a complete truss 
is mtroduced above the two apertures, particularly as there is sufficient height for a truss of 
proper strength. The middle door-posts should be connected to the tie of the truss by iron 
straps. A reference to Art. 58, and the following ones, will assist in giving the right propor- 
tion of strength to trusses of thb kind. 

87. In framing partitions the object to be kept in view is to render them firm, and capable of 
sustaining their own weight. If it be found that from the situation of door-ways, and want of 
height over them, that a partition cannot be framed so as to support its own weight, then, an 
adequate support should be placed under it. 

If a partition be intended to prevent sound passing from one room to another, it should be 
made double, and a coat of lath and plaster between the two parts. 

In cases where it is desirable to intercept the passage of sound through partitions in old 
houses, we have succeeded by battening upon the old partition, and lathing and plastering upon 
the battening. We have found the same expedient useful on a ceiling below a nursery ; and 
not only lessened the noise, but also obtained a very perfect ceiling. 



NAKED FLOORING. 

88. Floors are those parts in houses that divide one story from another. 
fkart are executed in various ways : some are supported by single pieces of timber, upon 
^lich the boards for walking upon are nailed. Floors of this simple construction are called 
i G 
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giitgle-^oUled floors, or tingle Jloors ; tlie pieces of timber, which support the boards, being 
ca]ied joists. It is, however, customary to call every piece of timber, under the boarding of a 
floor, used either for supporting the boards or the ceiling, by the name of joists, excepting large 
beams of timber, into whicli the smaller timbers are framed. 

When the supporting timbers of a floor are formed by one row laid upon another, the joists of 
the upper row are called brtdging-joistx, and those of the lower row are called binding-joists. 
Sometimes a row of timbers is fixed into the bin ding- joists, either by mortises and tenons, or by 
placing them underneath, and nailing them to the binding-joists: these timbers are called ceiling- 
joists, and are used for the purpose of lathing upon, in order to sustain the plaster-ceiling. 

In fonning the naked flooring, over rooms of very large dimensions, it is found necessary to 
introduce large strpng timbers, in order to shorten the bearing of the binding-joists : such strong 
timbers are called girders, and are made with mortises, in order to receive the tenons at the ends 
of the binding-joists, which, by this means, are greatly stiffened, the timbers being much shorter. 

The bridging-joists are frequently notched down on the binding-joists, in order to rendei the 
whole work more steady. 

89. Figure I, pL XIII, is the plan of a naked floor: b,b,b, &c., are the binding-joists; 
a, a, a, &c. are the bridging-joists ; d, a timber close upon the stair-case. This piece of timber 
b called a Irimnier; its use is to receive and secure the ends of the joists, e, e, e, &c. upon tlie 



C, C, C, &c. are wall-plates, upon which the ends of the binding-joists rest. The other ends 
are sustained by a cross partition. 

In the construction of floors, gi-eat care must be taken that no timber be at a less distance 
than nine inches from any flue or chuniiey ; hence the ends of the timbers, as shown in this plan, 
have no connection with the fire-places, nor with the flues. 

The flues, in the plans, are indicated by their being shadowed darker than the other parts. 

90. Figure 2, pi, XIII, is a plan of naked flooring with a girder. In this case the joists are 
simply framed into a girder. A, of the same depth, in order to shorten and stifien the joists. To 
prevent the too-frequent insertion of the joists In the wall, their ends are framed into tlie 
trimmers, d, d, d, &c, ; and the ends of the pairs of joists, which enter the wall, are generally 
supported on short plates, called templates. The joists into which the trimmers are framed are 
called trimming-joists. The Construction of this floor is not good ; but, on account of the regu- 
lations of the Building-Act, it is often adopted in I>ondon. For a girder should not be supported 
by a wooden partition in any case where it can he avoided ; and the cutting a girder with so 
many mortises weakens it. Partly from want of strength in the partitions, and partly from the 
weight of the floor being thrown on the partitions by girders, or by misplacing the joists, there 
are very few old houses in London that have not sunk from one to three inches in the middle. 
If the girder were taken out of the plan, Jtg. 2, and the joists made stronger, with cross-stays 
between them, at two places in the length, the floor would be much improved 

91. Figure 3 represents the mode of fitting down the bridging-joists, A, to the binding-joists, B. 
And the ceiling-joists, C, are now almost always notched and nailed up, as shown in this figure. 

9~. Figure 4' shows the connection when there is binding-joists, bridging-joists, and ceiling- 
joists; as, also, the manner of fixing the binding-joists upon the wall-plates; this manner is 
called cocking, or cogging. The long dark parts represent the mortises, into each of which one 
end of each ceiling-joist is fixed. These long mortises are called pully -mortises, or chase-mortises. 
The end of each ceiling-joist is introduced into the common mortise, and the other end of it is 
put into tlic long mortise obUquely, and sUdes along until it be perpendicular. 
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■ Tdmbumg in a joist, is to frame a joiat between two timbers, of which I 
ou^t to be verdcal or square to the upper edges, are oblique to these edges. 

Figure 5 shows the method of fitting-in a joist between the sloping sides of two others. The 
firsi thing done, is, to turn the upper edge of the joist upon tlie top of the two pieces into whicli 
it is to be fitted, and brought over its proper place. The nerl thing is to turn the joist on its 
under edge, so as to lie over its place; then apply a rule, or straight edge, ac, upon the side of 
[he one piece where the shoulder of the joist is intended to come ; then slide the jcdst until the 
line, previmisly drawn on the upper edge, come to the straight edge of tlie rule so applied ; then 
draw a line by the edge nf the rule. Do the same at the other end, and the two Lnes thuE drawn 
will mark the bevel of the shoulder of the tenon at each end. 

Hi. it frequently happens, in modern houses, that the flues are so numerous as not to leave 
*pace for the insertion of binding or trimming-joists, without either placing them too far apart, or 
iM near to the Sues. To avoid this difficulty, we have generally put iron ends to the joists, as 
shown injigs. G and 7, pl(tte XIII. Fig. 7 shows the plan of a joist with the iron plates bolted 
toil, one on each side ; the iron ends, aa, resting upon a short iron plate, bb, inserted in the 
•ill. Tile wooden joist is cut off so as no«. to touch the wall. A mortise is made in the joist on 
eieli side at c.jig. G, and each plale is cast with a nob upon it, to insert in these mortises. Fig. 8 
shows the inner side of one of the i)lates. The reasons for placing the bolts, and forming the 
libtle, as shown in the figures, will be understood by considering that the bolt, d, and the ledges 
bear ihe whole weight ; and that the bolt d being in its place, the one at e is to prevent the ptatea 
ilMcending, or turning round on the bolt d: hence, the nearer the bolt d is to tlie end of the 
iiesm the better, and there should be as mucli distance between the bolls as the nature of the 
a» will allow of. 

The same method is sometimes applied to secure the decayed ends of girders, and renders the 
npensive process of renewing large girders unnecessary, 

%. The plans of the floor-timbers for a house, which is called a first-rate house, according to 
th« dimensions specified in the London ISuilding-Act, are shown in plate XIV. Fig. I is the plan 
nftiie ground-floor, a is the space for the staircase, ee the spaoes trimmed for the hearths; the 
jiKsts, fgk and i, are supported by the partitions and the front and back walls. Fig. 2 is the 
plan of the first floor, fig. ;' the plan of the bed-room floor, and Jig. 4- the plan of the attic floor. 
These plans will afford the Cariieiiter a tolerable idea of the slight and cheap system of 
consinicting Hours adopted for the London houses. 

Trussed Girders. 

86. It has been shown, in Art. 60, that to render a girder effective without increasing its depth. 
It must be trussed with a stronger material than wood ; and, in plate X V. we show various methods 
"if trussing girders with iron. 

ftg, I, No. I, shows the arrangement of a truss, consisting of two truss-pieces, a king-bolt, 
and a tie. The truss-pieces should not be fitted too tightly into the parts of the beam. No. 2 
is the pUo of a girder trussed in this manner. The sides should be firmly bolted together. 

fig. S shows a girder trussed with queen-bolts, the truss being in three parts. When the span 
nweds ii3 or 24 feet, this species of truss is much to be preferred to the preceding. No. 2 
'Irats tlie plan. 

In all trusses of this kind the tie shonld be of wrought iron, and the extremities of the trusts 
*houtd extend on to the wall-plates, as shown in these figures ; then the floor wiH remain firm, 
iliough the ends of the girder be partially dpcaved. 
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Figure 3 is a section of either of the preceding girders at the abutments to a large scale, with 
one of the bolts. Fig. 4 shows the abutment-bolt, with part of the tie, and of the truss-pieces. 
Fig. 5 is the king-bolt and part of the truss-pieces to^.. 1. 

97. Where there is depth for the purpose a light truss may be firamed, as in^^. 6, connected 
by bolts. The principles of framing trusses have been explained in Art. 63, and plates VII. 
and nil. 

98. In order further to illustrate this interesting subject, we have procured a drawing of the 
girders used for the large room over the Riding-School of the Horse Bazaar, King Street, 
Portman Square ; the span being esteemed the largest in Britain. Fig. 1, plate XVI, shows 
the arrangement of this truss ; and its parts, to a larger scale, are shown by the other figures. 
The span is 46 feet, and the floor is supported by eight of these girders, and the roo^ with its 
three large lanthom lights, is supported by girders of the same kind. They were designed 
expressly for the purpose, by Mr. Tredgold, and, according to his recommendation, each girder 
was proved before it was fixed in its place ; the first one was proved by a load of six tons dis- 
tributed over the middle part of the girder. 

The tie TT is a double bar of wrought iron, each part 3 inches by 1 inch, and thicker where 
it is bent round the foot of the abutments ; see Jig. 5. For convenience, it was formed in lengths, 
and joined by gibs and wedges, as shown in^g. 6. 

The truss-pieces B, B, are of cast iron, 3 inches in thickness, and 6 inches deep in the middle, 

# 

and 4^ inches deep at the ends. 

The middle stretcher, A, is also of cast iron, 3 inches in breadth, 9 inches deep in the middle, 
and 6 inches deep at the ends, its section in the middle resembling the letter I, and is shown in 
Jig. 4. The straps, Eyjig. 3, are of wrought iron, 5 inches by | an inch, and bent round the joints, 
as shown in^g. 4. The wooden beams, DD, rest on the edges of the ties, and are firmly bolted 
together. On these the binding-joists, CC, are notched ; and the bridging and ceihng-joists, as 
shown in Jig. 4. The enlarged parts are drawn to a scale of half an inch to a foot. 

99. The framing to support the galleries of churches and chapels should be strong and secure, 
as they are frequently much crowded with people. In order to illustrate this part of our sub^ 
ject, we give the framing of the galleries of Camden-Town Chapel, near London, as executed by 
Messrs. Inwood, Architects. The following detail of the scantlings of the timbers, with references 
to them by letters, will render them still more useful to the reader, as it rarely happens that such 
minute detail can be procured. 

Figure 1, plate XVII, the Truss to the Gallery at the west end, bearing on the Tower walL 
Its scantlings are : — 

H, Strut, 8 inches by 6 inches. 
J, Trimmer, 9 in. by 6 in. 
K, Small Strut, 5 in. by 4 in. 



Figure % the Trusses of the Side Galleries. 

A, Bressumer, 10 inches by 8 inches. 

B, Girder, 10 in. by 8 in. 

C, Binder, 13 in. by 3^ in. 

D, Bridging-joints, 4$ in. by 3 in. 

E, Truss, 6 in. by 4 in. 
F9 Carriage, 8 in. by 4 in. 



G, King-post (oak), 4 inches by 4 inches. 

H, Binders to ceiling-joists, 7 in. by 5 in. 

J, Ceiling-joists, 3 in. by 2| in. 

K, Plate, 8 in. by 5 in. 

L, Wall-plate, 12 m. by 6 m. 
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3, the construction of the End Gallery and Children's Gallery 



A, Bressummer, 10 inches by 8 inches. 

B, Girders, 10 in. by 8 in. 
Cy Binders, 13 in. by 3 in. 

D, Bridging-joists, 4 in. by 3 ih. 

E, Truss, 6 in. by 4 in. 

F, Carriage, 8 in. by 5 in. 

G, Bearer, 7 in. by 4 in. 

H, Puncheons, 3\ in. by 3 in. 

J, Binders to Ceiling-joists, 7 in. by 5 in. 



K, Ceiling-joists, 3f inches by 2| inches. 

L, Plates, 9 in. by 6 in. 

M, Oblique Girder, 12 in. by 8 in. 

N, Carriage, 8 in. by 6 in. 

O, Binder, 10 in. by 3 in. 

P, Bridging-joint, 4 in. by 3 in. 

Q, Binder to Ceiling-joists, 7 in. by Sin. 

R, Ceiling-joist, 3J- in. by 2\ in. 

S, Plate, 12 in. by 8 in. 



Figure 4, the longitudinal Trusses of the West-end Gallery. 

T, Trusses, 6 in. by 4[ inches. 
V, Strainers, 5 in. by 4^ in. 



C at each end, 9 in. by 6 in. 
X, Abutment-piece, L ,^^ ^.jj^,_ 7} in. bj in. 
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ROOFING. 

100. The Roof is that part of a building which is raised upon the walls, and extends over all 
the parts of the interior, in order to protect its contents from depredation, and from the severities 
and changes of the weather. 

The Roof, in Carpentry, consists of the timber-work which is found necessary for the support 
of the external covering. 

The most sample form for a roof is that consisting of a level plane ; but this description of roof 
b adapted only to short bearings, and is not at all calculated to resist or prevent the torrents of 
rain or moisture from penetrating into the interior. 

The next simple form is that which consists of an inclined plane ; and, though well calculated 
to resist the injuries of the wcatlier, and to afford greater strength than a level disposition of the 
timbers would supply^ it is far from admitting of the utmost strength that a given quantity of 
timber is capable of affording ; and it occasions an inequality, and a want of uniformity and cor- 
respondence in the proportions of the fabric, and an unnecessary and unpleasant height of 
walling. The best figure for a roof is that which consists of two equal sides equally inclined to 
the horizon, tenftnating in the summit, over the middle of the edifice, in a horizontal line, called 
die ridge of the roof; so that the section made by a plane, perpendicular to the ridge, is every 
where an isosceles triangle, the vertical angle of which is the top of the roof. This form is very 
advantageous, as it regards savii^ of timber ; fgr it may be executed with the same scantlings, to 
ipan double the distance that the simple sloping roof admits; or, in buildings of the same dimen- 
sions, the scantUngs of the timbers will be very much diminished. 

101. The antient Egyptians, and other eastern nations of the remotest antiquity, constructed 
their roofs flat, as do likewise the present inhabitants of these countries. The antient Greeks, 

t though favoured with a mild cUmate, yet sometimes liable to rain, found the inconvenience of a 
platform covering for their houses ; and, accordingly, raised the roof in the middle, declining 
5. H 



26 PRACTICAL CARPENTRY. 

towards eAch side of the building, by a gentle inclination to the horizon, forming an angle of 
from 13 to 15 degrees, or the perpendicular height of the roof from one-eighth to one-ninth of 
the span. 

In Italy, where the climate is still more liable to rain, the antient Romans constructed their 
roofs with a rise of from one-fifth to two-ninth parts of the span. 

In Germany, where the severities of the climate are still more intense than in Italy, the antient 
inhabitants, as we are informed by Vitruvius, made their roofs of a very high pitch. 

When the pointed style of architecture was introduced into Europe, high pitched rooft were 
thought consonant with its principles ; iand they therefore formed, externally, one of the most 
striking characteristics of the Gothic style. 

In the usual proportions of the Gothic roof, the length of the rafters was equal to the breadth 
or span of the roof, or the rafters were the sides of an equilateral triangle, of which the spanning 
line was the base. During the middle ages this form prevailed, with little variation, not only in 
public but in private buildings, from the most stately and sumptuous mansion, down to the humble 
cottage of the common labourer ; and this equilateral triangular roof continued to be used tQl 
the pointed style began to decline, and Italian architecture, in a great measure, superseded it. 

The celebrated Inigo Jones was chiefly instrumental in introducing Italian architecture ; then 
a change in the proportions of the roof took place, and the raft;ers were made three-quarters of 
the breadth of the building ; and this proportion, which was called true pitchy still prevails in 
some parts of the country, where plain tiles are used ; subsequently, however, the square, or angle 
of 45 degrees, seems to have been considered as tlie true pitch : but, in large mansions, con- 
structed in the Italian style, roofs of the same inclination as the pediment, called 2l pediment pitch, 
were introduced, and covered with lead. 

At the present time, where good slates are to be obtained in abundance, roofs may be covered 
with them of any pitch, from the pyramidal Gothic down to the gently-inclined Greek pediment. 

Therefore, with regard to the present practice, the proportion of the roof for slates depends on 
the style of the architecture of the edifice ; the usual height varying from one-third to one-fourth 
part of the span. 

There are, doubtless, some advantages in high-pitched roofs, as they discharge the rain with 
greater rapidity ; the snow does not lodge so long on their surface ; also, they may be covered 
with smaller slates, and even with less care, and are not so liable to be stripped by high winds as 
the low roofs are : but the low roofs have le^s pressure and stress on the walls, and are con- 
siderably cheaper, since they require shorter timbers, and, of course, smaller scantlings. ^ 

The roof is one of the principal ties to a building, when executed with judgment ; as it' connects 
the exterior walls, and binds them together as one mass ; and, besides the protection it affords 
the inhabitant within, it preserves the whole work from a state of decay, which would soon 
inevitably ensue, from the effects of rain or frost, as moisture would operate in rotting the timbers, 
and firost in destroying the connexion of the walls, and the whole would ultimately fall to ruin. 

102. The several timbers of a roof are Xj&rmei)bprincipal raf^ers^ tie-beams, king-posts, queeU" 
posts, struts, coUar-beamSy straining-sills, pole-plates, purlins, ridge-piece, common-rafters, and 
camber-beams. The uses of these will appear from the description of them ; but, in the first place, 
we must describe the nature of the roof itself. 

The usual external form of a roof has two surfaces, which generally rise from opposite 
wails, with the same angle of inclination ; and, as the walls are most commonly built parallel to 
€ach other, the section of the roof made by a plane perpendicular to the horizon, and to one of 
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the wallsy is a triangle with two equal sides ; the base being the extension from the one wall-head 
to the other. This extension is called the span of the roof. 

To FRAME the TIMBERS of a ROOF^ SO that their external surfaces shall keep this position, is the 
business of the Carpenter ; and mgenuity is displayed in making the strongest roof with a given 
quantity of timber. 

AH long beams, or pieces of timber, from their weight, when supported at the two ends only, 
become concave on the upper side ; and this concavity is the greater as the distance between the 
props is the greater. It is, therefore, the grand object to prevent this bending as much as 
possible. The curvature will take place, whether the position of beams be horizontal or inclined ; 
but die same beam will have less curvature the more upright it is, or as the angle, to which it is 
inclined to the horizon, is greater. For, it is evident that, when a beam is laid level, and sup- 
ported at its extremities, its curvature will be greater than when inclined at any angle, bowever 
sinaD ; and, again, if it stand perpendicular to the horizon, its curvature will be nothing ; that is 
to say, its curvature will be nothing when the angle of inclination is the greatest. 

The curvature which timber obtains by bending is called sagging. To prevent timber from 
sagging, as much as is possible, it must be supported at a certain number of intermediate points 
or places, besides the two extreme ends. Now these supports must themselves be supported from 
some base dr other ; but, if the resting points or places be upon the surface or surfaces of other 
timbers, the greatest care must be taken that they do not fall between the extremities of the 
supporting timbers intended to support the others that is to say, the lower end of every piece 
of timber, used as a prop, must rest upon -some supported point ; or, otherwise, the propping 
piece of timber must b€cso disposed that the pressing forces at each end must be equal to 
each other. 

These are the general principles upon which the strength of roofs depend. 

The supported points, in Carpentry, are those points or places where there are walls, or 

columns from the ground, or two timbers meet together in an angle ; and no roof or piece of 

framing is good where the end of one piece, used as a prop to another, presses upon a third 

^ piece of timber, between its supported extremities. The pressing end of every prop ought to 

^ rest upon some supported point. 

103. Principal Rafters are the two pieces of timber, in the truss of a framed roof, that form 
the two equal sides under the covering. 

It is evident that the greater thie opening is, "die more supports each principal rafter will 
require. 

A piece of timber may be supported either from some supported point above it, or some sup- 
ported point below it: if the support be above the piece to be supported, then it is evident 
that the connecting piece will act as a string ; but, if below the piece to be supported, it is evi- 
dent that the prop must be ah inflexible beam or pie<^ of timber. 

Therefore, as from the nature of a roof the principal rafters cannot be supported from above, 

they must be supported from below, by walls, piers, or posts, made of some fit material, as stone, 

brick, iron, or timber, of sufficient thickness ; and, because the pressure occasioned by the 

Wright of tiie cofvering is uniformly distributed over the principal rafters, these principal rafters 

must be supported at a certain number of equidistant points, which will depend upon the 

distance of the walls. • 

^ 104. A Tib-Bbam is a piece of timber for connecting the feet of the principal rafters, in order 

^ to prevent them from spreading, by the weight of the covering. The tie-beam is therefore used 

I as a ti^'and^' in respect to the strain from the pressure of the rafters, is in a state of tension, 
I 
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In order to prevent the sagging of the tie-beam^ in very wide houses, it mitft be supported in 
one or more places in its length ; and if it cannot be supported £rom the ground, it must be 
supported from some other supported point or points in the roof itself. Such a point we have 
where the two principal rafters meet each other; and this one point will furnish as many 
supports to the tie-beam as we please: while, from each of these supported points in the 
tie-beam, the middle parts of the principal rafters may be supported. For, when once a frame 
is formed, the timbers may be made to strengthen one another, so as to form a strong and 
perfect whole. 

It is not easy to give a direct rule for the disposition and position of supporting timbers : but 
we ought to prefer such a disposition as will keep the bearing timbers within a proper limit as to 
length, and the angles should be as direct as possible. Oblique or acute angles occasion very 
great strains at the joints, and should therefore be avoided. One grand principle b, in every 
frame or roof, to resolve the whole frame into the least number of triangles, affording direct con- 
nections between all the points of support, which must be considered as the elements of the 
framing. Four-sided figures must be avoided, if possible ; and this may be done by introducing 
diagonals, which will form them into triangles ; for, without this, a four-sided figure will be move- 
able round its angles, and has no stiffness except what depends on the strength of its joints. 
Sometimes it may be necessary to divide a quadrangular piece of framing into four triangles, by 
means of two diagonal pieces, particularly when this figure occurs in the middle of a roof. Our 
pUxte XXIi Jig, 2y shows a beautiful specimen of this arrangement, designed by Mr. Smirke, 
whose high reputation as an architect is well known. 

The principles of framing being once understood, a little practice in designing will soon 
enable the Carpenter to judge of the proper disposition of timbers, so as to produce a good 
design, if not the best possible. 

105. A King-Post, or principal Post, is a vertical piece of timber, extending from the place 
where the two principal rafters meet to the tie-beam, for the purpose of supporting the tie-beam 
in the middle. 

The King-Post is, therefore, in a state of tension ; and, consequently, it may be a slender bar 
of wrought iron, or any tenacious material that will not be liable to extension when stretched or \ 
drawn in length. 

The principal rafters are frequently supported from one or more points in the king-post : but 
it is evident that both the rafters must be supported exactly in the same manner when the sup- 
porting points in the king-post are between its two extremities ; so that the principal rafters may 
produce equal and opposite pressures on each side of the king-post. 

Each of the principal rafters may be supported in many points, either fit)m one point in the 
king-post, or from as many points as the number of points to be supported ; or, as has been said 
before, either from one supported point, or^om as many supported points, in the tie-beam, as the 
number of points to be supported ; and, in short, the principal rafters may be supported from 
any supported point whatever, from the king-post, or tie-beam, or from both. This very circum- 
stance points out the vast variety there may be in designs for roofs. 

106. Queen-Posts are two pieces of timber, equidistant from the middle of the truss; the one 
suspended from the head of pne of the principal rafters, and the other from the head of the 
other, with a level piece of timber, called a straining-beam, between them. 

The Queen-posts, therefore, divide the internal space of the frame into three compartments, of 
which the two extreme ones are right-angled triangles, and the middle one a rectangle. 

The use of the queen-posts is similar to that of the king-posts ; viz, for frimishing a general - 
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support for the principal rafters, at different points between the ends, by connecting timbers, 
but their chief object is supporting the tie-beam at more places between its extremities. 

107. Struts are those props which support the principal rafters, in one or more points, so as 
to divide them into equidistant parts. 

Struts are generally disposed in pairs, equally inclined to the vertical line, which divides the 
truss into two equal and similar parts ; and which, therefore, divides the two beams into two 
equal lengths. Struts are necessary in roofs where the span is great ; and the greater the span 
or distance, of the walls, the greater the number of struts will be required ; for, in this case, more 
points in the principal rafter^ will have to be supported. 

108. A Collar-Beam is the piece of timber framed between two principal rafters, and usually 
employed where there are no king-posts. 

109. A Straining-beam is the piece of timber framed between the heads of the queen-posts ; 
and is necessary where the roof is to have a platform, or flat for walking upon, or wherever 
rooms are required in the roof. 

IID^ A Straining-sill is a horizontal piece of timber, disposed between the feet of the queen- 
posts, to counteract the efforts of the struts, in pushing these feet nearer to each other, when, 
on account of rooms, the space cannot be filled with diagonal braces. 

Having thus noticed the several parts of a truss, it may be proper to observe that all king- 
postS) queen-posts, and tie-beams are ties ; and may be formed by an iron tie incapable of farther 
extension than is sufficient to bring it to a straight line. A chain, or a slender bar of iron, will 
therefore answer; the same purpose, in some of these cases, as a piece of timber, or other such 
inflexible material. It is also to be remarked, that all collar-beams, principal rafters, and struts, 
are to resist compression ; and are, therefore, necessarily constructed of an inflexible material, 
mch as wood, or a stiff* piece of iron. It may be further observed that, in complex frames, 
such as the centring to large arches or bridges, the same timbers, in different stages of the 
work, sometimes perform the office of ties, and sometimes that of struts ; and, in the transition 
from one office to the other, must be sometimes in a neutral state. The material employed in 
such situations mustj necessarily, be inflexible. This is to be recommended not only here, but 
in every doubtful case, or where it is uncertain whether the part of the truss requires to be a tie 
Qr a strut. 

111. A Pols-Plate is a beam over each opposite wall, supported upon the ends of the tie- 
beam, or upon the feet of the principal rafters, to receive the ends of the common rafters. 

112. Purlins are horizontal pieces of timber, supported by the principal rafters. Their office 
is to support the common rafters in the middle parts of their length. 

1 18. A RiDGE-PiECE is a beam at the apex of a roof, supported by the king-posts, or by the 
heads of the principal rafters, and supports the upper ends of the common rafters. 

Common Rafters are inclined pieces of timber, parallel to the principal rafters, supported by 
the pole-plates, the purlins, and the rIdge-piece. They support the covering, the material of 
which is sometimes large slates, extended from rafter to rafter, but more commonly either boards, or 
laths, are nailed upon the common rafters, and the slates, tiles, &c. fastened on with nails or pins. 

114. Joggles are the joints at the meeting of struts, king-posts, queen-posts, and principal 
rafters; where there is a piece left to form the abutment. The usual form for the joggles is 
that which is at right angles to the lengths of the struts or rafters, or at right angles to the 
tenoned piece : but this position cannot, at all times, be obtained, from the want of sufficient sub- 
stance of timber : in that case, the joint is made either obhque, or the upper part in a line with 
die aide of the piece which has the mortise, and the lower part perpendicular to the sides of the 

5. I 
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tenoned piece ; or the joint is sometimes made partly parallel, and partly perpendicular, to the 
mortised piece. When the joint is oblique, the force of the tenoned piece, in the direction of 
its length, causes the end to slide upon the abutment, towards the side which contains the obtuse 
angle : but this is, in some degree, counteracted by the resistance of the tenon on the lower end 
of the mortise. With regard to the stress of the timbers in a frame, the direction of the abutting- 
joint is of httle importance ; but it ought to be the best for the strength of the joint itself. 
Af. Perronet, the celebrated French engineer, formed the abutments in the arcs of circles, making 
the centre at the other extremity of the piece. In Art. 82, we have alluded to joints of this 
kind, but with the arcs described by a radius not much exceeding half the breadth of the timber ; 
otherwise circular arcs have no advantage. 

115. Camber-beams are those timbers which support the purlins or joists over the collar- 
beams, and the boarding for a leaden platform ; for this purpose they have an equal declivity 
from the middle, in order to cause the rain or snow-water to descend equally on each side of 
the roof. 

116. Cocking, or Cogging, is the form of the joints, which the tie-beams and wall-plates 
make with each other ; and here, as in every other case of jointing, the parts must be recipro- 
cally indented into each other, so that the protuberant part or parts of the one are indented parts 
of the other. The parts which come in contact are plane surfaces ; those which form the bottom 
or bottoms of the recess or recesses are parallel to, and those which form the sides perpendicular 
to the surfaces, from which the joints are made. The best method is, by cutting a groove, across 
the fibres, in the beam to be let down, to correspond to a rising in the plate formed by recessing 
the plate, on each side of the rising. (See plate X, Jig. 8.) Another method is by an external 
and internal dovetail : but this method is almost entirely abandoned. 

Observations on the Forms qf Hoofs. 

117. Gable-ended Roofs, unless properly connected by ties, have the same tendency to thrust 
out the walls as other roofs, and particularly when the walls are very thin, or the distance be- 
tween them very great. 

118. A Hipped Roof, over a rectangular plan, when the common rafters are well secured to 
the principals, produces very little lateral pressure on the walls. In a hipped roof, upon a square 
plan, the lateral pressure upon the walls may be prevented without using cross-ties, by making 
the wall-plates act as ties to the feet of the four hip-rafters ; but, with regard to roofs executed 
upon regular polygonal plans of the same area, that plan which has the greater number of sides 
produces less lateral pressure on the walls than tliat which has fewer sides; and, when the 
number of sides are very many, the polygon may be considered as a circle ; and, consequently a 
circular roof will give less lateral pressure upon the walls than a polygonal one of any number of 
sides, however great. 

In the execution of all these, however, it will be necessary that a waU-plate should be formed 
to the plan, and well connected, not only between each of the angular points, but also at the 
angular points themselves ; for, when the building is carried up on a polygonal plan, every two 
adjacent hips will act in the same manner as the two principals in a framed roof j. and, therefore, 
every side of the wall-plate will be a tie ; and, consequently, if not properly joined, the walls wiH 
be liable to be rent. 
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CONSTRUCTION OF ROOFS. 

119. Figure 1, plate XVIIIy is a roof, for a very narrow span, having only one collar-beam, 
without a tie ^t the bottom. In this example the collar-beam acts as a tie, but with very little 
effect ; and this arrangement ought not to be employed over a space exceeding fifteen or twenty 
feet wide with stout walls. 

120. Figure 2 is a roof with a tie-beam at the foot, and a collar-beam. Here the strain on 
the collar-beam is diflferent ; since the tie-beam is in a state of tension ; the collar-beam is merely 
employed to keep the rafters straight, and is, therefore, in a state of compression. This truss 
may be employed where the span is from twenty to twenty-eight feet in width. This truss 
without additional timbers, does not afford any support to the tie-beam. 

121. Figure 3 is a truss free from these inconveniences ; the tie-beam being supported by the 
king-post K, and the rafters being suf^ported by two struts, ss, 

122. Figure 4ff'pL XVIII^ represents the side of a truss, with the ends of a longitudinal frame 
ibr supporting the tops of the rafters, which are here exhibited. Fig. 5 exhibits the frame as 
seen in the length of the roof, and is divided into several compartments, by means of a middle 
and two side posts. The ends of this longitudinal truss are fixed in the gables or cross-walls. 
In wider spans, two or more such trusses may be inserted. 

123. Figure 6 is a principal truss, with a king-post and two queen-posts. Here the manner in 
which the tie-beam is supported upon the wall-plates is shown. The sections of the pole-plates 
and purlins are also exhibited. Fig. 7 shows the manner of notching down the small rafter upon 
the purlins, and the manner of notching the purlins upon the principals. Respecting the mode 
of joining the feet of the principal rafters and the tie-beam. (See Art. 81-83, and 2^fate XL) 

This roof is adapted for a span of 55 or 60 fi^et. The supports are all directed to the points 
where the purlins rest on the principal rafters, which of course are loaded with the common 
rafters and covering, and the whole affords an example of the principles of mutual support and 
connection, which we endeavoured to explain in Art. 102 and 104. 

124. In towns it is very common to form the roof of a house with two inclinations, so as to 
procure a space of sufficient height for a room over the tie-beams. Roofs of this kind arc called 
Curb^roqfs. 

When it is convenient to divide the rooms, so that the principals of the roof may form the 
partition, it is a considerable advantage in strength as well as cheapness. 

Figure 1, plate X/X, is an example of a truss for a Curb-roof of this kind, with the door-way 
in the middle. 

Fig. 2 is another example, where it is supposed that the space is to be left as clear of framing 
as possible, owing to the truss not being in a place adapted for a partition. 

125. When a rdof is to be covered with lead, it is generally also required to be nearly flat ; 
and therefore the depth of firiEnning being small, it must be made very strong; a reference to 
Art. 60, and those immediately following it, will illustrate this subject. 

Fig. 3, plate X/X,. shows a flat-roof for a 50 feet span, with the least rise it would be prudent 
to adppti^ such a purpose, unless the covering itnd ceiling be exceedingly light. 
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126. Fig, 1, plate XX^ shows a truss for a flat roof^ as executed for the roof of St. Mary's 
Church, Mary-le-bone, designed by R. Smirke, Esq., Architect. The middle part of the roof is 
supported by iron pillars, F, so that it exerts only a very small degree of pressure on the external 
walls. The trusses are 6 feet 3 inches apart, and the timbers of the following scantlings : 



A, Principal rafters, 8 inches by 6 inches. 

B, Tie-beam, 9 in. by 6 in. 

C, King-post, 8 in. by 6 in. 
Queen-posts, 6 in. by 5 in. 
Braces, 6 in. by 6 in. 

Purlin at the foot of braces, 8 in. by 8 in. 



D and E, Longitudinal beams, 12 inches by 

12 inches. 
G, Beams, 8^ in. by 8 in. 
H, Tie-beams, 6 in. by 6 in. 

King-posts of side roo&i 6 in. by 5 in. 

Braces of do., 6 in. by 4} in. 



A longitudinal frame is continued over each range of jcolumns^ with posts, 12 inches by 10 inches, 
under each truss, and diagonal braces 12 inches by 8 inches. 

127. On the same plate, Jig. 2, we have given the roof of Whitehall-Qiapel ; it has stood 
many years, but not without showing symptoms of weakness, though it contains abundance of 
timber. The weakness, therefore, is occasioned by the mode of construction; and we have 
selected this example for the purpose of pointing it out. The points of stress are the places of 
the purlins, and these are none of them at supported points. The principal braces, D, do not 
meet the queen-posts, so as to get the advantage of the triangle's unchangeable figure ; and this 
defect is very imperfectly compensated for by the introduction of t^'o iron rods from the heads of 
the rafters to the tie-beam. The bulk of the head of the king-post would render the setdement 
from shrinkage considerable, and a Uke reason would cause settlements in other parts of the 
roof, as will be evident from the size of the timbers. 



A. Principal rafters i^^^ *"^^^* ^^ ^^ *"^^^® ** ^^® bottom, 

^ ' U2 in. by 12 in. at the top. 

B, Tie-beam, 15 in. by 15 in, 

C K' .( 13 in. by 10 in. middle, 

' 1^ in. Viv 144 in. IipaH An 



13 in. by 14 in. head and foot.. 

D, Braces, 12| in. by 11 in. 

E, Queen-posts, 9| in. by 9| in. 

F, Braces, 8 in. by 9 in. 

Purlins, 12 in. by 8 ( in. ; Wall-plate, 14 in. by 7 in. 
Principals 14 feet apart, which is much too great a distance. 

128. The next example is from the new church of Saint Mary-le-bone, London, designed 
by P. Hardwick, Esq., Architect, plate XXI, Jig. 1. The construction of this roof is very judi- 
cious, and adapted to give space in the roof without a sacrifice of strength. 



T, Tie-beam, 12 m. by 12 in. 
P, Principal rafters, 8 in. by 7 in. 
S, Straining-beam, 10 in. by 8 in. 
Q, Queen-posts, 8 in. by 7 in. 
P, Auxiliary rafters, 8 in. by 7 in. 
B, Braces, 6 in. by 5 in. 
K, King-post, in two pieces, each 8{ in. 
by 5 in. 



Purlins, 8 inches by 6 inches. 

Comi9on raflers, 5 in. by S in% . 

Pole-plate, 6 in. by 6 in. 

Wall-plates, 12 in. by 8 in. 

Binding-joists to carry celling, 9 in. by 5| in. 

Ceiling-joists, 4 in. by 2^ in. 

Trusses, 12 ft. 10 in. apart. 
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129. A very neat and simple roof is exhibited in plaie XXI, Jig. 2, executed for Belgrave 
Chapel, and designed by R. Smirke^ Esq. To lessen the elevation of the roof, a part of the top 
is a lead-flat. The principal rafters and straining-beam abut end to end, and the queen-posts are 
each in two pieces^ notched on, one on each side, and strapped and bolted together. 



T, Tie-beam, 12 inches by 7 inches. 

P, Principal rafters, 10 in. by 6 in. 

S, Straining-beam, 10 in. by 6 in. 

B, Braces, 7 in. by 6 in. 

K, Queen-post, in two pieces, 9 in. by 5 in. 



Q, Second Queenrposts, in two pieces, 8 in. 

by 5 in. 
Purlins, 8 in. by 4 in. 
Common rafters, 5 in. by 2 in. 
Binding-joists for ceiling, 8 in.»by 3 in. * 
Ceiling-joists, 3 in. by 2 in. 

Trusses about 10 feet 6 inches apart. 



130. Three more examples of joofs as executed, are given m plaie XXIL Of these. Jig. 1 is 
a complicated and rather an expensive mode of gaining height for the middle aisle of the chapel. 
Fig. 2 is similar to that of the New Church, Mary-le-bone ; and fig. 3 is another very good 
specimen of a roof, with a portion of the top flat. The scantlings of the timbers of these roofs 
we will now proceed to describe. 

Figure 1, the Roof of the new Gothic Chapel, of St. Pancras, Somers' Town, near London. 

Scannings of the Timbers. 

A, ObUque tie-beam, 5** *^ ^^**^'"' " ^""^^^ ^^ ^ ^^*'^'' 

(at the top, 10 in. by 7 in. 

B, Collar-beam, 10 in. by 7 in. 

C, Principal rafter,., f * *« ^°**^"!' ^V^-^ ^ »' 

<at the top, 9 m. by 7 m. 

D, Common rafters, 5 in. by 2i in. 

E, Purlins, 6 in. by 7 in. 

F, Pole-plates, 5} in. by %\ in. 

G, Struts, 6 in. by 7 in. 
H, Braces, 8 in. by 7 in. 

I, Oblique braces, 6 in. by 7 in. 
K, Ribs to ceiling, 7 in. by 5 ifl. 



Figure 1, No. 1, Section through at £F, to a larger scale. 
Figure 1, No. S, Section through at GH, to a larger scale. 
Figure 1, No* 3, Section through at AB, to a larger scale. 
Figure 1, No. 4^ Section through at CD, to a larger scale. 

Ftgure 2.— The Roof of St. Luke's Church, Old-Street, London, 

Scantlings of the Timbers. 

A, Double king-post of oak, 9 inches by 5 inches. 

B, Principal rafters, f* *« ^'•"°'°' ^ "V^^ '^ "' 

(at the top, 6 in. by 7 m. 

C, Auxiliary rafters^ 6 in. by 7 in. 

D, Tie-beams, 14 in. by \2 in. 

E, Hammer-beams, 12 in. by 12 in* 
6. K 
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F, Stretching-beams^ 10 in. by 8 in. 

G, Queen-posts of oak, 10 in. by 7 in. 
H, Struts, 5 in. by 6 in. 

I, Common-rafters, 5 in. by 3 in. 
K, Purlins, 8 in. by 6 in. 
L, Wall-plates, 12 in. by 8 in. 
M, Pole-plates, 6 in. by 6 in. 
Ridge-boards, 12 in. by 2} in. 
Hips, 12 in. by 2i in. 

Figure 3. — ^Roof of Camden Chapel, Camden Town, near London. 

Figure 3, No, 1, Section thj;ough at efto a larger scale. 
Figure 3, No, 2, Section through vX cd to a larger scale. 

Scantlings of the Timbers. 

A, Tie-beam, 14 inches by 9 inches. 

B, Queen-posts of oak, 8 in. by 7 in. 

C, Small posts of oak, 7 in. by 7 in. 

D, Struts, 7 in. by 7 in. 

£, Small struts, 6 in. by 6 in. 

F, Principal rafter, f * *J« *«?' ^ '"• ^y "^ "* 

(at the bottom, 11 in. by 7 in. 

G, Common rafters, 6 in. by 2^ in. 

Horizontal rafters to flat, increased in depth. to produce a proper current, 
8 in. by 5 in. 
H, Wall-plate, 9 m. by 6 in. 
J, Truss to stretching-beam, 5 in. by 3 in. 
K, Stretching-beam, 10 in. by 7 in. 

L, Pieces spiked to the sides of the tie-beam, 8 in. by 2 in. 
M, Binders, 8 in. by 5 in. 
N, Ceiling-joists, 3| in. by 2| in. 
O, Abutment-piece, 5 in. by 5 in. 

131. Figure 1, plate XXIII, is a design for a roof in several stages, adapted for a warehouse. 
The parts are arranged in the following manner. Fig. 2 is the side of the two longitudinal 
trusses which rest upon the main tie-beams, and which support the oblique parts on which the 
upper stage is sustained. The mode of trussing the oblique portions is shown hyjfig. 8. The 
abutting-joints, of cast-iron, are shown by Jigs, 4 and 5; and fig. 6 shows the cast-iron abut- 
ments for braces in the truss, Jig. 2. 



GEOMETRICAL LINES FOR ROOFS. 

132. To find the bevels for cutting the various timbers in a hipped roof, and the backing of 
the hips {pL XXIV, fgures 1, 2, 3). 

Let ABCD, figures 1, 2, and 3, be the outlmes of tte wall-plates, AF, DF, and BE, CE, the 
plan-lines of the hips, and EF the plan-line of the ridge-piece. 
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To find the length of any rafter, draw a line from the one extremity of the plan-line of that 
rafter, perpendicular to that line, and make tlie height of the perpendicular equal to the height 
of the roof; join the point of height and the other extremity of the plan-line, and the line thus 
joined is the length of the rafter as required. 

Example 1 ; Jig. 1. — To find the length of the common rafters standing upon IK; divide IK 
into two equal parts in the point F : draw FL perpendicular to IK ; make FL equal to the 
height of the roof, and join IL or KL ; then IL or KL is the length of each rafter. 

Example 2 ; Jig. 2. — ^To find the length of the hip-rafter standing upon AF. Draw FS, 
perpendicular to AF : make FS equal to the height of the roof; join AS, and AS is the length 
of the hip. 

Example 3. — To find the bevels of the back of the hip-rafters. Let FD, fig. 2, be the plan 
of a rafter ; and draw X W perpendicular to FD, to meet the lines of the wall-plates in X and 
W, and intersect FD in w. From the point ir, as a centre, describe a circle to touch the eleva- 
tion of the rafter DT ; and from the point where the circle cuts the line FD, draw lines to X 
and W, then will the angle formed by these lines be the proper bevel for the back of the 
hip-rafter. * 

133. To find the bevels of a purlin against a hip-rafter, when the plan-line of a common 
rafter, that of the hip-rafter, and the angle which the common rafter makes with its plan 
are known. 

Place the section of the purlin in its real position with respect to the common rafter. 
Produce that side of the section of the purlin, of which the bevel is required upon the hip, 
toward the plan of the rafter ; from one extremity of the line thus produced, and, with the 
length of the said Une as a radius, describe a circle. Draw three lines, parallel to the wall-plate, 
to meet the hipped line : viz. one from the centre of the circle, one from the point where the line 
meets the circle, and the third to touch or be a tangent to the circle. From the point in the plan 
of the hip-rafter, where the middle line meets the said plan, draw a line perpendicidar to that 
middle line to meet the tangent; join the point, where this perpendicular meets the tangent, to 
tlie point where the line drawn from the centre meets the plan of the hip-rafter, and the angle 
formed by the line thus joining, and the line drawn from the centre of the circle, will be the bevel 
of the purlin. 

Example ; plate XXIV, Jig. I.— Let AF be the plan of a hip-rafter, IF that of a common- 
rafter, and FIL the angle which the common-rafter makes with its plan, and abed the section 
of the purlin. , 

Now suppose it were required to find the bevel of that side of the purlin represented by ad. 

Produce ad to any point,/; and from «, with the radius «/, describe a circle, efgh. Parallel 
to the line of the wall-plate, AB, draw two lines to cut the plan, AF, of the hip ; viz., from the 
centre, a, draw at ; and from the point/, where a/ meets the circle, draw ft, the former cutting 
AF in f, and the latter in i; also draw ^Z to touch the circle. Draw £/ perpendicular to/*, 
cutting elinl; and join il; then the angle lia is the bevel required. 

In the same manner, by producing ab, we may find the angle formed upon the end of the side, 
of which the section is ab. 

134. In order that the different inclined planes, which form the sides of a roof, may have an 
equal inclination to the horizon, the plan-lines of the hip-rafters ought to bisect the angles 
formed by the wall-plates. 

When a roof is wider at one end than at the other, as in^^. 3, in order to prevent its winding, 
let IK and OP be the plans of the two common rafters, passing through each extremity of the 
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ridge-piece, and let the rafters IL and KL be found as before ; divide OP into two equal parts^ 
in E ; draw ER perpendicular to OP. Make the angle EPR equal to the angle FKL ; then 
ER will be the height of the roof at the point E. 

If this should be objected to, because it makes the ridge higher at one end than at the other, 
let E, Jig. 4, be the end of the ridge next to the narrow end of the roof. 

Bisect all the four angles of the roof by the straight lines AF, BE, CE, DF ; and, through E, 
draw EG, parallel to AB, cutting AF in G ; and draw EH, parallel to CD, cutting DF m H ; 
and join GH : then GH will be parallel to AD. This is true, because, since all the angles are 
bisected, if we imagine perpendiculars drawn from E to the three sides, the three straight lines 
thus drawn will be equal : and because EG is parallel to AB, the perpendiculars drawn from the 
points E and G, to the straight line AB, are equal; from the same reason, because EH is 
parallel to CD, the perpendiculars drawn from the points E and H, to the straight line CD, are 
equal ; therefore the perpendicular drawn from the point G, to the straight line AB, is equal to 
the perpendicular drawn from H to the straight line CD. And, since the angles BAD and 
CDA are bisected by the straight lines AG and DH, the two perpendiculars, drawn from G, to 
the sides AB and AD, are equal ; as also the two perpendiculars from the point H to the sides 
DA and DC : but the perpendicular drawn from G, to the side AB, is equal to the perpen- 
dicular drawn from H to the side CD ; therefore the perpendiculars, drawn from the points G 
and H, to the straight line AD, are equal to each other ; but when the perpendiculars drawn 
between two straight lines are equal, these two straight lines are parallel : therefore the straight 
line GH is parallel to AD. 

Whence, if all the angles of a roof be bisected, and if any point be taken in any one of the 
bisecting lines, and if a line be drawn through the point thus assumed, paraUel to one of the 
adjacent sides, to meet the next bisecting line, and so on from one to another, till only one line 
remains to be drawn ; then, if the point assumed be joined to the point where the parallel meets 
the last bisecting line, the line thus joining will be parallel. 
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135. The plans of these roo& are supposed to be regular polygons, and all the sections of the 
same roof, parallel to the plan, to be similar to the plan, and therefore all the paraUel sections 
similar to one another. They may be conceived to be formed of a series of triangular prisms 
whose joining planes meet in the same point, and their exterior surfaces cut to the form of the roof. 

1«6. In pi XXV, Jig. 1, the plan of the roof is denoted by the letters ABCDEFA. Then 
the centre of the polygon being the point I, draw the lines AI, BI, CI, &c. Bisect any of the 
sides, as AB, in the point L, and draw LI ; then LI is perpendicular to AB. 

Produce the line IL to M, and let ILN be the section applied upon IL. In the curve LN 
take any number of points, 1,S,3, at equal distances, and transfer these distances to the line 
LM, so that LM may be equal to the arc LN. Through the points 1, S, 3, &c. in LM, draw 
lines 1^, 2A, 3f, &c. parallel to AB ; and from the points 1, @, 3, &c., in the arc LN, draw lines 
ld,2e, 3/, &c., parallel to AB, cutting LI at the points a, 6, c, &c., and BI at the points 
d,e,J, &c. : Make 1^ equal to ad, 2h equal to be, 3i equal to cj, &c. Through the points 
g, h, f, &c., draw a curve, which will be the edge of the covering which corresponds to the joint 
over the mitre IB. 
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' To finid the angle-rib^ through the points d, e,f, &c., draw dk^ elffm, &c» perpendicular to 
JBL Makedif eltfm, Ac, respectively equal to al, b2, eS, &c. Through the points A»iftm» 
.&c^ draw a curve, which will be the edge of the angle-rib, as required* 

'. . 1S7. Figure 2 shows the manner of describing a polygon, to any |^en number of sides. Thus 
suppose, upon die side AB, it were required to describe a polygon of seven sides, called a 
heptagon. Produce BA to K, and, with the radius AB, describe a semi-circle BGK, of which 
the diameter is BK ; divide the arc BK into seven equal parts, and through the second division, 
G, draw AG ; then BA and AG are two adjacent sides of the heptagon* Bisect each of the 
sides AG and AB by a perpendicular, meeting each other at I. Then I is the centre of a circle 
•that, will contain either of the sides AB or AG seven times. The equal chords, bdng inscribed 
in the remaining part of the circle, will complete the polygon as required. In this manner we 
may describe a polygon of any given number of sides whatever ; by producing the given ride^ 
and describing a semi-circle on that side, and the part produced, and dividing the arc into as 
many equal parts as the polygon is to contain sides; then, drawing a line from the centre, 
through the second point of division, will form two adjacent sides of that polygon. The 
remaining part of 'the process is to be completed as before^ 

188. Figure 8, pL XX V, shows the manner of finding the covering of a roof, when the plan 
is a regular pentagon. 

Figure 4^ exhibits the method of framing the ribs for such sorts of roofiu 

Figure 5, shows the manner of describing the covering and ribs of a domical roof. 

Figure 6, shows the manner of describing the covering and ribs of a roof whose verdcal 
section is a figure of contrary curvature. 

. Figure 7, shows die method of describing a regular octagon firom a given square. Thus, 
draw the diagonals ; then, with half the diagonal, as a radius, and firom each of the four angular 
points of the square, describe a quadxant or arc ; join the two adjacent points of intersection, in 
each two adjacent sides of the square, and you have the octagon required. 

Figure 8, exhibits the manner of forming one of the ribs for the ogee roof, or that of contrary 
curvature. 

The method of finding the coverings and ribs of figures S, 5, and 6, is the very same as that 
described in figure 1 ; and the same letters of reference being used, the description applies to 
aD ihese figures* 

Such forms of roofs most firequently occur in temples jor garden-buildings. 

Polygonal Roofs and Circular Dobies are of the same nature; as a dome cannot be 
covered upon any other principle than by supposing \t either a polygon, baring a great number 
of sides ; or to be composed of firustums of cones. 



COVERING OF CIRCULAR ROOFS. 

139. Circular Roofs may be covered upon tyro different principles ; one is, by supposing 
the axal section to be divided into a number of small equal parts, and the roof cut by planes 
through the points of division, parallel to the base ; and, by considering the firustums of the solid 
as so many firustums of cones, the covering of each respective part will be found. The other 
principle is by dividing the circumference of the base into a number of small equal parts, and 

7. L 
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mii^osing azal sectiom to be made through the pomts of divubn; iben, by. eoosidering the 
sarface 6f each axal portion as the surfiu» of a cyUnderi the coTeilng will be found. The 
distance between the points of division, in the former case, must be less than the breadth of the 
boards which are to form the envelopes of the covering, in order to make the convex edge of 
the board : this distance must, therefore, be less, as die length of the boJEurds is greater. In the 
latter case, the dista9ces"between~the points of division may be exactly equal to the breadth of 
the boards. It is true that the surface of each part is spherical or convex, and therefore can 
neither be considered' as the frustum of a cone, nor Aat of a cylinder: bui^ if the distanoe 
between the j^ivisiohs be small, the surfaces will be idmost straight in all the axal sections: so 
that there will be ho practical diJHTerence, even diough the widest l^arda be used in moderate- 
sized works. The boards which thus form the envelopes must be thin, in order that they may 
bend easily to the surface of the circular roof to be covered. It is here proper to notice diat^ 
when boards are bent, so as to form a suriace either concave or convex, tb^ are much stronger 
than if the surface were a plane, even though the ribs were at the pame distance in both : but, in 
order to make the boards b^nd regularly and truly, the ribs ought to be disposed at a nearer 
distance, even at the widest place, which is at the bottom, ^an the rafj^ra of a common roof*. 
When the ribs are disposed in axal planes, they wOl come in eontact with ei^h odier at the top, 
unless they terminate upon a circular kirb, of a diameter sufficient to prevent their 4phig so ; but 
as the intervals at die top ar^ always niueb less dian at the bottom, the ribs are sometimes 
discontinued, in order to reduce tlie intervals nearer to an equality ofbrekddi tkroughout the 
length of each : the execution in this way will save die timber-work, and, eonsequendy, lessen the 
expense. Sometimes the ribbing of circular roofs consists of only several principal axal ribs, and 
die intervals filled in with jack-ribs; which, if the Airfiice to be covered be spherical, are 
portions of less circles of Che sphere, and are di$posed in parallel vertical planes. 

Purlins and Ribs for Circular Roofs. 

140. l^^ plate XXVI, figures 1 and 2, show the plan and elevation of a conical and domical 
roof; No. 1 in each figure being the plan, and No. S the elevation, to determine die siase of the 
timber for the purlin^. 

The first thing to be done is, to draw the contour both of the plan and elevadon. In die one 
extreme rafter let gfeh be the section of the puriin. Round the angular points gyf^e^h^ 
describe the square abed: then m\\fb,fc, bgy ce, ag, de, ha, hd, he the parts that are to be 
gauged off, after having been squared to the circular plan. The same dcscripdon applies to 
both figures. 

111. Figure 1, pi. XXVII, is a design for an ellipsoidal dome, the plan being ellipric, and 
one of the vertical sections circular. The ribs are constructed without trusses. In order to 
divide them as equally as possible, a purlin is introduced, to support the upper ends of the 
jack-ribs. As this dome is suppbsed to rise from an elliptic well-hole, the timbers are carried 
below the base, from a, b, c, d, e^f. No. 1 is the elevadon; and No. 2 the plan, showing the 
upper face of the wall-plate, purlin, and curb. Nos. 3, 5, 7, are the entire ribs, to be placed 
upon A, C, E> in the plan ; and 4, 6, 8, are die jack-ribs, to be placed upon B, D, F, on the 
plan. The upper ends of all the ribs terminate upon the curb, or upon the purlin, with a bird*s 
mouth, which is the usual method of fitting them. 

142. Figure 2, plate XXVII, is a design for an hemispherical dome, constructed in the same 
manner as the elliptic dome, fig. 1. Nos. 3 and 4 show the ribs« 
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In kurge xoofi^ constructed of a domic form, without trussing, the ribs may be made in two or 
more ducknesses, in such a manner that the common abutment of every two pieces, in the same 
ring, may fall as distant as possible from the abutment of any other two pieces, in a different 
ring. The number of purlins must depend upon the diameter of the dome» 

JBoarding fw Circular Roqfs. 

148. To find the form of the boards for an ellipsoidal dome, the plan being an ellipsis, and 
the vertical section upbik tiie least diameter a semi-circle ; so that the joints of the boards may 
be in planes passing through the greatest diameter of the plan. 

Let ABCD, fig* 1, fh XXVIII, be the plan of the dome, AC the greater diameter, and DB 
the less ; E the centre. From E, with the distance ED, or EB, describe the semi-cirde BFD. 
IMvide the arc into such a number of equal parts, that one of them may be equal to the breadth 
of a board, and let the points of division be at 1, S, 8, 4, &c. Draw the lines 1 a, 2i, 3c, 4d, per- 
pendicular to BD, cutting BD at the points a, i, c, d. Then, upon AC, as the length, and upon 
Ea, Eft, £c, Eef, as so many breadtiis, describe the semi-ellipses, AaC, AiC, AcC, AdC, 
which will represent the joints of the boards upon one side of the dome. Now, since all the 
seetiom of this dome, throi:^ ihe line AC, are identical figures, the vertical section, upon the 
line AC, wiQ be identical to the half plan ABC, or ADC. Divide, therefore, B A into any 
nombeii^ of equal parts; by the fMntits of division etft g, h^i, kjl\ the more the truer the 
operation. Draw the straight lines em^fni go^hp^iq^ir^ls^ perpendicular to, AC, cutting 
AG at the points m; ir, o, f), qy r, «, and the semi-«llipsis AifC, in the points I, tf, 9, «r, Xy y, x. 
On the stnught line, OH, fig. % set off* the equal parts, Em, mn, no, &c., irom each side^of the 
centre E^ each equal to one of the equal parts B^, ^fifg* &c., in the semi-elliptic curve, ABC, 
Is the plan^^. 1. Through the points m, n, o, jp, &c., fig. S, draw lines perpendicular to GH. 
IfdEe mi equal to mi in the plan, fig. I ; and n«, fig. 3, equal to nu in the plan, fig. 1 ; then, 
ihMagh all the points i, «, 9, &c., draw a curve, and the same curve repeated on each side of the 
Hoe-'Gl&H wiH give the form of the board to reach from A to C, and each curve will be the edge 
of a board, and all the boards of the same figure. 

Figure 8 shows the longitudinal elevation ; viz. on the line AC of the plan. 
''Figure 4 eadnbits the transvei^ elevation, the contour being identical to that of the section on^ 
iheHneDB. 

144. In figurei 2, 8, 4, (plate XX I X^) No. 1 is the jJan, and No. 2 the elevation ; the con- 
tour of the latter being a vertical section passing through the axis. Figure 2 represents a dome, 
whose contour is a semi-circle ; ^^r^ 3 represents a segmental dome; figure 4f represents a 
round body, of which the vertical section is an ogee, or curve of contrary flexure. 
- Through the centre of the plan, 6, draw the diameter, AC; and the diameter BD, at right 
ingles to AC ; and produce BD to E. Let BD, figures 2 and S, be the base of a semi- 
section of the dome : on BD apply the semi-section BFD ; and as the dome, represented by 
figure 2; is semi-circular, the point F will coincide with the point A in the circumference of the 
phn. In figures 2 and 8 divide the curve FD, of the rib, into any number of equal parts, and 
extend the curve DF upon the straight line DE, from 'D to E ; tiiat is, make the straight line 
DE equal in length to the curve DF. Through the points of division, in the curve DF, draw 
lines perpendicular to DG, cutting it at the points a, b, c : then, extending the parts of the arc 
between the points of division upon the line DE, from D to 1, from 1 to 2, from 2 to 3, &c. : 
make D 1 equal to half the breadth of a boar^, and join 1 G ; produce the lines 1 a, 26, 3 c, &e^ 
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drawn through the curve DF, to meet theUne IG, in the*pomt8 <^ ^^^ &e. Thnm|^ the p<nnt9 
1, 2f 3, &c*, m DE, draw perpendiculars 1^, SA, Si, &c«: make 1^, ih. Si, &c^ respectivdy 
equal to ad, be, ef, &c. ; and, through the points d, g, h, i, &c., E, draw'^a curre, which wiU 
form one edge of the board. The other edge, being similar, we have only to describe a curve 
equal and similar, so as to have all its ordinates respectively equal from the same straight line DE« 

In fig. 4, the form of the mould for the boards is foimd in a similar manner, except that the 
curve DF is one side of the elevation, No* 2 : Lines are drawn from the points of division in DF 
perpendicular to the diameter AC, which is parallel to the base of No. S ; and the points of 
division are transferred from the radius GC, to the radius GD, which is the base of the section. 
The remaining part of the process is the same as in figures 1 and S. 

In figure 2, the curved edge of the board is a symmetrical figure of sines; the curve of the 
mould, fig. 3, is a smaller portion of the figure of the same curve : and, in fig. 4, the mould, is 
a curve of contrary flexure ; and if the curve DE be composed of two arcs of circles, the curve 
of the edges of the mould for the boards will still be compounded of the figure of sines set on ooor 
trary sides; and, if the curve DE be compounded of two elliptic segments, the edges of the mould 
for the formation of the boards will still be of the same species of curve : vim* tfaie figure of sines* 

This figure occurs very firequently in the geometry of building. 

145. The method we have described may be called the vertiad method of covering a dome, 
and we now proceed to give the horixontal method. 

In fig. 1, pi. XXX, let ABC be a vertical section of a circular dome^ through its axis ; and 
let it be required to cover this dome horizontally ; bisect the base, AC, in the point H, and 
draw HI perpendicular to AC, cutting the semi-curcumference in B. Divide the arc BC into 
such a number of equal parts that each part may be less than the breadth of a board ; that is to 
say, allowing the boards to be of a certain length, each part may be of the proper width, allowing 
for waste. Then if, between the points of division, we suppose the small arcs to be straig^ 
lines, as they will dilflfer very littie from them, and if horizontal lines be drawn through the points 
of division, to meet the opposite side of the circumference, the trapezoids will be the sections of 
BO many firustums of cones, and the straight line HI will be the common axis for every one of 
these frustums. 

Now, therefore, to describe any board, which shall correspond to the sur&ce of which one of 
ihe parts, a 6, is the section, produce ab to meet HI in c; then, with the radii cb, ca, describe 
two arcs ; then radiating the end to the centre, the lines thus drawn will form the board required. 

In the same mamier any other board may be found ; as is evident from the principle described. 

146. To find the forms of the boaxds for covering an annular vault (pi. XXX, fig. 2). 
Xiet AD be the outer diameter of the annulus, CG the inner, E the centre, and AC the 

the breadth of the vault. 

On AC describe the semidcircle ABC : then, if ABC be supposed to be set or turned perpen- 
•dicular to the plane of the paper, it will represent the section of the vault. From E, with the 
radius E A, describe the semi-circle AFD ; and, from the same centre, E, with the radius EG, 
describe the semi-circle CHG; then AFD is the outer circumference, and CHG the inner 
circumference ; and, consequently, AFDGHC is the plan of the vault, perpendicular to ^the 
fixed axis ; and the section ABC of the vault is perpendicular to the plan AFDGHC. 

To find the form of any board ; divide the circumference of the semi-circle, ABC, into such a 
number of equal parts as the boards or planks out of which they are to be cut will admit. 

Let ai be one of the divbions or the distance between two adjacent points; through the 
centre £ draw HI, perpendicular to AD ; and through the points a and b, draw the straight 
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line acj meeting HI in the point c: from e/ with the radius ca^ describe an arc ; and from Ihe 
same centre^ c, with the radius eft, describe another arc^ and enclose the space by a radiating line 
at each end ; and the figure bounded by the two arcs, and the radiating lines, will be the form 
of the board required. 

In the same manner the form of every remaining board may be found. 

It is obvious that, as common boards are not more than from nine or eleven inches in breadth, 
the boards formed for the covering cannot be very long ; or otherwise they must be very narrow, 
which wiU produce much waste. 

147. To cover an ellipsoidal dome, the length of tlie generating ellipse being the fixed axis, 
{pi. XXX, Jig. 3.) 

Let ABC be the section through the fixed axis, or generating ellipse, which will also be the 
rertical section of such a solid. 

Produce the fixed axis AC to I,- and divide the curve ABC into such a munber of equal parts 
that each may be equal to the proper width for a board. Then, as before, draw a straight line 
through two adjacent points, as a and ft, to meet the line AI in c; then, with the radii ca and 
ri, describe arcs, and terminate the board at its proper length. 

No. 2, (Jig* 3,) is a horizontal section or plan of the dome, exhibiting the plan of the boarding. 

148. Figure 4 is a section of an ogee roof circular on the plan. The principle of covering it 
with boards bent horizontally, is exactly the same as in the preceding examples. 

It is now necessary only to explain one general principle^ which extends to the whole of these 
round solids. The planes which contain the conic frustums are all perpendicular to the fixed 
axis, which is represented by HI, in all the figures. Produce ab, to meet the fixed axis HI in c ; 
then, with the radius ca, describe an arc ; and, with the radius c b, describe another arc, which 
two arcs will form the edges of the boards ; the ends ^are formed by lines radiating from the 
centre c. Now, whichever figure is inspected, it will be found that this rule applies to it. : 

As the boards approach nearer to the part of the roof which is of the greatest diameter, they 
may be made either wider or longer ; but, as the boards approach nearer to the axis HI, the 
waste of stufi^will be greater, and, consequently, the boards must be shorter. 

149. When the boards come very near to the bottom of the dome, the centres for describing 
the edges of the boards will be too distant for the length of a rod to be used as a radius. In 
this case we must have recourse to the following method. Let ABC, (fig* 1, pL XXIX,) be 
the section of the dome, as before, and let e be the point in the middle of the breadth of a 
board : draw ed parallel to AC, the base of the section, cutting the axis of the dome in g, and 
join he, cutting the axis iny*. Then, by Art, 6, describe the segment of a circle, through the 
three points d,f, e, and this will give the curve of the edge of the board/ as required. . 

Figure 1, No. 2, exhibits the manner of applying the instrument we have described in Art. 4, 
to this purpose. Thus, suppose we make DE equal to de in No. 1 : Bisect DE in G, and draw 
GF, perpendicular to DE, and make GF equal to gf, in No. 1. Draw FH parallel to DE, and 
make FH equal to FE, and join EH ; then cut a piece of board into the form of the triangle 
HFE : then let HFE be that triangle ; then move the vertex F from F to E, keeping the Ifeg 
FE upon the point E ; and the leg F, and the angular point F of the piece, so cut, will describe 
the curve, or perhaps as much of it as may be wanted. 

It must be here observed that the line described is the middle of the board; but, if the breadth 
of the board is properly set off at each end, on each side of the middle, we shall be able to 
describe the arc with the same triangle ; or, if the concave edge of the board be hollowed out, 
the convex edge will be found by gauging the board off to its breadth. 

7. M 
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As aU the conie sections approach nearer and lieareE to dbrdeSy as they are taken nearer to the 
vertex ; a parabola, whose abscissa is small, compared to its double ordinate, will have its 
curvature nearly uniform, and will, consequently, eoincide very nearly with the segment of a 
circle ; and, as this curve is easily described, we may employ it instead of a circular arc, as 
in Nos. 3 and 4. . 

Draw the chord DE, as before, and bisect it in G. Draw.GF perpendicular to DE, and 
make GF equal to gf^ in No^ 1 :. so far the construction of the diagrams, Nos. 3 and 4, are the 
same ; and then describe No. 3 by Art. 14, and No. 4 by Art. 15, 

The arc of a circle may, however, be accurately drawn through pcnntSf by the following 
method : 

Let PE, {fig. 1, No. 5,) be the chord of the segment, and 6F the height Through F 
draw HF, parallel to DE ; join DF, and draw DH perpendicular, to DF. Divide DG and HF 
each into the same number of equfl parts, as five, in this example ; draw PI perpendicular io 
DG, meeting HF in I ; and divide DI into the same number of parts as DG : rur. five. Join 
the points of division in DG to Uiose.in HF, and also through the pomts of division in DI draw 
straight lines to the point F, cutting the former straight lines, drawn through the points of 
division in the lines DG and HF : then trace a curve from the point D, and through the points 
of intersection to F, and we shall have one half of the circular arc The other half is found in 
the same manner, as is obvious from inspection of the figure. But the method described in 
Afi* 5 is the most easy in practice for a case where every board is of a different curvature. 

The last method of ..covering, round sofids requires, all the boards to' be of different 
curvatures, and continually quicker as they approach nearer to the crown; but, by the first 
method of covering a dome, with the joints in vertical planes, when the form of one of the moulds 
is obtained, this form will serve for moulding the whole solid. The waste of stuff is, however, 
the same in both methods,' and the horizontal method admits of the ribs being disposed so as to 
give greater strength with less material. ' 



OF NICHES. 

150. Niches are recesses formed in walls, in order to contain some ornament, as a statue, or 
an elegant vase. They are also adapted to receive figures bearing lights in halls, galleries, and 
stiurcases. Sometimes niches are made in thick walls to save materials. 

Niches for the interior parts of buildings are generally constructed of ribs of timber, and lathed 
and coated over with plaster, which forms the apparent surface. 

The plan or base of a niche is always some symmetrical figure ; as a rectangle, a segment of a 
circle, or of an ellipsis. 

All the sections of a niche, parallel to the base, ai*e similar figures ; and all the sections 
parallel to the base, to a certain height are equal. Niches sometimes terminate upwards in a 
plain surface, and sometimes in a spheroidal surface ; but most firequently in the portion of a 
spherical surface ; so that, as the faces of walls are generally perpendicular to the horizon, the 
aperture in the face is either a rectangle, or a rectangle terminating in the segment of a circle, or 
in the segment of an ellipsis. Two of the sides of the rectangular part being perpendicular to 
the horizon. 

Niches are always constructed in i^ symmetrical form ; vix. if a vertical plane be supposed to 
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pass ttuougli the middle point of the breadthi perpendicular to the surikce of the vail, it vriU 
divide the niche into two equal and similar parts ; or, if any two points be taken in the breadth, 
equi-distant from the sides of the niche, and if two vertical planes be supposed to pass through 
these pointy perpc£nditidar to the surface of the wall, the sections of the niche will be equal and 
similar. 

Niches are placed either equi-distantly, in a straight wall, or round a cylindrical wall, dividing 
the circumference into equal parts : sometimes they are placed in an elliptic wall. In the latter 
case, however, th^y ought not to divide the circumference into equal parts, but to be at an equal 
distance from each extremity of the principal axis of the ellipsis.* Niches are frequently con- 
structed in polygonal rooms ; a niche being placed in the middle of each side of the prismatic 
cavity. The oppoute sides of such rooms are always equal and similar rectangles. The plans 
^e either hexagonal or octagonal ; but, most frequentiyy of the latter form. 

151. The principles of forming the ribs, for the heads of spherical niches, are drawn from the 
foHowing considerations : 

All the sections of a. sphere, made by a plane, are circles ; therefore the edges of the ribs to be 
lathed ought to be portions of circles. 

*The ribs of niches may be placed either in vertical planes, or in horizontal planes; and, 
indeed, in any manner, so as to form die. spherical surface as required : it will be most convenient, 
however, to dispose tiie. ribs either in vertical planes, or .in planes parallel to the horizon, as the 
case may require. 

One of the most easy eoudderitionb fbr the ribs of a niche, when they are placed in vertical 
planes, is to suppose them to pass through a common line of intersection ; and, if this line passes 
through the axis of the sphere, the ribs will be all equal portkma of the circumference of a great 
circle of the sphere : and will, in consequence, be very easOy executed. In this case, the square 
edges of the ribs will range, or form the surface of the niche. This position of the ribs is there- 
fore very convenient for forming them, as not only less time, but much less wood will be required 
to execute them. 

There is another position of vertical ribs, which is frequently convenient ; that is, by placing 
the ribs in equi-distant planes, perpendicular to the surface of the wall ; and, consequently, when 
the surface of the wall is a plane, the planes of the ribs will be all parallel. 

152. Figure 1, inpL XXXI, exhibits the plan and elevation of a niche; the ribs are dis- 
posed in vertical phuies, which intersect in the axis of the sphere. The plan. No. 1, is the 
segment of a circle ; and, in consequence of this, the back ribs are of different lengths, and will 
therefore meet the front rib in diflbrent places, as shown in the elevation. No. 2. But, if the 
plan had been a semi-cirde, all the back ribs would have necessarily met the front rib in the 
auddle of its circumference. Numbers 8, 4, 5, 6, (Jig. 1,) exhibit the ribs as cut to their x)roper 
lengths, according to the plan. No. 1. Thus, let it be required to find the rib standing upon 
the plan BCED, of which the sides BD and CE Mre equi-distant from the line that passes 
through the centre A. In No. 6 draw the straight line arf, in which make ac, a&, ad, equal to 
AC, AB, AD, No. 1 : in No. 6, from the point a, as a centre, describe an arc of a circle ; from 
the points b, c, draw two straight lines, perpendicular to ad, cutting the arc; then the jiortion 
of the arc, intercepted between the point d and the perpendicular drawn from the point &, is the 
arris lins next to the front, and the part intercepted between the point d and the perpendicular 
from c is the arc forming the arris line next to the back ; so that the extremities of the perpen- 
diculars drawn from b and c, give the extremities of the joint against or upon the front rib. 
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As to the form of the back edges of the ribs, they may be curved or formed in straight portions* 
In this manner all the other ribs may be formed ; as is evident from the preceding explanation. ' 

153. Figure 2, pL XXXIy exhibits the plan and elevation of a niche, with the method of 
describing the ribs when they are disposed in parallel planes. No. 1 is the plan. No. 2 the 
elevation, and Nos. 3 and 4 the method of drawing the ribs. The lengths of the bases of the 
ribsy in Nos. 3 and 4, are taken from the plan, No. 1 ; as AK, AI, AH, AF, AE, AC, AB, are 
respectively equal to ED, aCf ab, af, ae^ ai, ah, in the base No. I. The two distances which 
approach near to each other show the quantity of bevelling. With these distances, from the 
centre A, No. 3, describe as many semi-circles as there are points ; then the double lines will 
represent the quantity of bevelling, or the distance from the square edge. No. 4 shows one of 
the ribs alone by itself. 

154. To draw the ribs of a spherical niche, in a circular wall. Plate XXXII, Nos. 1, S, 3, 4, 5. 
Let No. I be the plan of the niche, and that of the wall Abed, &c. tliat being the base fine 

of the circular wall ; and A6CD the base line of the spherical niche ; and A, B, C, D, &c. the 
bases of the ribs, of which the sides are all supposed to stand in a vertical plane. A plane, 
passing through the middle of the thickness of each rib, parallel to the sides of that rib, is 
supposed to pass through the centre of the sphere ; and, therefore, the bases of these planes 
wiU pass through the point E, which is the projection of the centre of the sphere, on the 
horizontal plane, where the cylindrical and spherical surfiu^es meet each other ; and this we may 
suppose to be the plane of the paper. 

Now, since all sections of the sphere are circles, all the edges of the ribs of the niche will be 
circular ; but, because all the circles pass through the centre of the sphere, the edges of the 
ribs of the niche must be all segments of great circles of the sphere ; and, therefore, they must 
all be described with one radius, which is equal to that of the arc A, B, C, D, &c., and, con- 
sequently, with the radius EA, EB, EC, ED, &c., as at No. 3, No. 4, No. 5, &c. ; therefore, 
from F, G, H, as centres, with the radius EA, describe the arcs DN, CM, BK ; and draw 
FD, OC, HB. Produce FD to S, GC to Q, and HB to O. In the radius FD, No. 3, make 
Fd equal to Ecf, No. 1, and draw dT perpendicular to FD, cutting the arc DNatN: then 
DN will be the under edge of the rib which stands upon dD, its plan. In No. 4, upon the 
radius the C6, make Ch,Ce, equal to the plan of each side of the rib which stands upon C, 
No. 1 ; and, in No. 4, draw the perpendicular cR, AV, cutting the arc CM at L and M. 

In like manner, in No. 5, make B^, B&, each equal to the side of the rib B, in the pfaui. 
No. 1 ; and, in No. 4, draw 6P, «U, perpendicular to BH, cutting the arc BK in I and K. 
Then the backs of these ribs may either be the arcs ST, QR, OP, or may have any outline 
whatever ; but, for the convenience, of what will be presently shown, in the fixing of the ribs, 
it will be proper to make them all circular arcs of one radius, which will make them sufR- 
ciently strong. Then IPKU is the representation of the top of the Hb, which top coincides 
with the &ce of the wall, and, consequently, the distance between the lines LV, MR, is the 
quantity which this rib, now under description, must be bevelled. In like manner, IKPU is 
tlie representation of the upper end of the rib which stands upon its plan B, and where it 
falls in the sur&ce of the wall. 

The back of the ribs being made circular, and of one radius, they will all coincide with 
another spherical surface : if, therefore, &e back ribs are fixed at their bases, the inner edges 
will be brought to the spherical surface, by fixing a rib, at the back of these ribs to attach them 
to, whose inner concavity has the same radius as the backs of the ribs, and the plane, passing 
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duoagh the middle of its thickness, parallel to its sides, must pass through the centre of the 
sphere. In other respects, the plane of this fixing rib may have any other position whatever, 
besides what has now been described. 

Where niches are to be lined with boards, it may be done by the same methods as are em- 
ployed for covering domes, see Art. H'3 and 144. 
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BRACKETING FOR COVES AND CORNICES. 

155. Cove-bracketing is a method of forming the angle between the ceiling and walls of a 
room for the cornice, the middle part of which consists, generally, of the concave surface of a 
cylinder ; though its curvature may be. occasionally, elliptical or of other compound curves ; and 
the sui"faces produced by using the latter kind of curves wUl have the appearance of greater ease 
and propriety than the surface of a cylinder. 

All the vertical sections of coved ceilings, perpendicular to the wall, are equal and similar 
6gures, alike situated to the surface of the wall, and equi-distant from the floor. 

The CORNICE of a room has the same properties ; that is, its vertical sections, perpendicular to 
the surface of the wall, are equal and similar figures ; and their corresponding parts are equi-dis- 
tant from the wall, and also from the floor. 

As the coves and cornices of rooms are generally executed in plaster, when they are large, in 
order to save the materials, the plaster is supported upon lath, which is fastened to wooden 
brackets, and these again to the bond timbers, or to plugs in the wall: and for this purpose the 
"brackets are equi- distantly placed, at from three-quarters of an inch to an inch within the line of 
the cornice; and, in order to support the lath at the mitres, brackets are also fixed in the angles. 

156. In Jig. I, pi. XXXIII, ABCD is part of the plan of the faces of the walla of a room. 
The plan of the bracketing is here disposed internally, and the angle brackets are placed 
&t B and C. 

In fig. 2, ABCD is the plan of part of one side and the chimney-breast ; and here, on account 
%.if the projection, we have one internal angle and one external angle. We may here observe, 
the angle bracket of the external angle is parallel to that of the internal angle. 
Figure 3 exhibits a bracket upon an obtuse angle. 
In fig. 4, ABCDEF is part of the section of a room ; CD is the ceilfaig line ; CB and DE 

the sections of the coves ; BA and EF are portions of the wall-lines. 
Figure a shows the construction of a cove-bracket at a right angle. Let AC be the prqec- 
«:ion of tlie cove, and let Ao be part of the wall-line : make Aa equal to AC, and join aC ; on 
*he base AC describe the bracket AB, which is here the quadrant of a circle, but may be of any 
figure. In the arc AB take any number of points, d, e,f, &c., and from these points draw lines 
3>arallcl to A« ; that is, perpendicular to AC, cutting both AC and oC in as many points ; from 
the points of section in oC draw lines perpendicular to aC, and make the lengths of the perpen- 
diculars respectively equal to those contained between the base AC and the cun-e AB ; and, 
through the points thus found, draw a cmve; and the curve, thus drawn, will be the angle-rib 
form the cove in the angle, as required to be done. 

Figure 6 exhibits the construction of a bracket for an external obtuse angle, AoK bemg the 
mS-line. 
FiguTe 7 exhibits the construction of a bracket for an external acute angle. 
8. N 
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Figure 8 exMbits the section of a large cornice, where the lines within the mouldings (on 
the bracket required. 

Figure 9 shows the construction of the angle-bracket for a cornice in a right-angle. 

To form tlie bracket in the obtuse or acute angle, take any point/ (Jigures 6 and 7,) in the 
given cove, and draw FA parallel to Aff, cutting the base AC of the given bracket in g, and the 
base ac of the angle-bracket in A: draw A* perpendicular to ac, and make hi equal to gf\ then 
will i be a point in the curve. In the same manner we may obtain as many points as we please. 

This description also applies to the construction of an angle-bracket of a cornice ; the only 
thing to observe with regard to this is, to make all the constructive lines pass through the 
angular points in the edge of the common bracket. 

In the construction of angle-brackets, it will be the best method to get them out in twol 
halves, and so range each half to its correspondmg side of the room ; and, when they are rangt 
nail the halves together. 



PENDENTIVE BRACKETING. 

157. Pendentite Bkacxetikg occurs when certain portions of a concave surface are intrc 
duced between the walls of a rectangular or pulygonal room and the level ceiling, so as t 
reduce the outhne of the ceiling to a regular figure of a ditfercnt form from the plan of t 
room. The parts thus introduced are called Pcndemtives. 

Pendentives are either portions of cones, spheres, or spheroids, and the figures they formi b& 
their intersection with the walls ftom whence they spring, are dependant on the foUowi 
principles. 

158. It is well known that, if a sphere be cnt by & plane, the section wiH be a circle i and, i: 
a hemisphere be cut by a plane perpendicular to its base, the section will be a semi-circle. If a 
right cone be cut by a plane, perpendicular to its. base, the section will be a hyperbola ; andi 
generally, if any conoid, formed by the revolution of a conic section about its axis, be cut by^ 
plane perpendicular to its base, the section will always be similar to the section of the soUi 
passing through the axis ; and every two sections of a conoid, cut by a plane perpendicular toJ 
the base, at an equal distance from the axis, are equal and similar figures. Therefore if, on tbt 
base of a hemisphere, we inscribe a square within the containing circle, and cut the solid bjr J 
planes perpendicular to the base, through each of the four sides of the square, the four sa&-l 
tions will represent the four portions of each wall, and the arcs will represent the springing linei 
for the spherical surfaces. 

159. On pi. XXXIV, fig. 1, No. 1 is the plan of a room, with the ribs which form the pei 
dentive ceiling ; the semi-circles on the sides are supposed to turn up perpendicular to the pla 
bnmo, which will form the termmatjons of the four walls ; No. 2 is the elevation. 

Numbers 3, 1, 5, 6, and 7, exhibit the ribs for one-eighth part of the whole ; and, ae these rib 
are all in planes passing through the axis, they arc all great circles of a sphere, of which th) 
diagonal of the square is a diameter ; therefore, though the ribs are shorter m tlie middle o 
each side, and increased towards the angles, they are all described with the same radius, whid 
is half the diagonal of that square. The whole of the scheme may be formed in paste-board 
Thus, in figure 2, let ABCD be the plan; on each of the ades, AB, BC, CD, DA, describe a 
semi-circle ; then let each semi-circle be turned round its respective diameter until its plar 
becomes perpendicular to the plane ABCD ; then the sides, thus turned up, will represent tbel 
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of the sphere, and ABCD the base of the solid ; vhen the EUiface extending between 
aemi-circular arcs is entirely spherical. 
In figure 3, the pendenttves are supposed to be placed on a conic surface) and the sides of 
square not perpendicular, but equally inclined on every side, approaching nearer together as 
ascend. 

Thus, let ABCD be the plan, and the circumscribing circle the base of the cone, and EGF 

section of the cone through its axis. Then, if the inclination of each of tliese four planes be 

angle EHI, making HI parallel to FC, then the conic section is a parabola, and may be 

iwn as shown al Jig. S, No. 2, and as described in Art. 15 of this Work. 

Figure 4', (.pi. XXXIV,) shows the method of describing the springing hues, when the aides 

perpendicular to the plane ABCD. From the centre of the square, and through the angular 

paints, describe the circle ABCD, and draw the diameter EF, parallel to any one of the sides, 

cutting AD and BC in c and H. In Ec take any number of points, a, i, &c., and draw ad, be, 

cj, perpendicular to EF, cutting the side EG, of the section of tlie cone, in the points rf, e,f, 

&c. From the centre of the plan describe the arcs ci, bh, ag, cutting the aide DC in g and //, 

and the arc r* touching it in t. Perpendicular to DC draw im, hl,gk, and make tm, hi, gk, 

respectively equal to r.f,be,ad. Then, upon the given base, DC, describe the symmetrical 

figare, Dcnr, which will form the springing line, in order to set the ribs upon the walL 

Ab this figure is an hyperbola, it may be described independently of tracing it from the plan, 
thus: In fig. 4, No. 1, draw HK perpendicular to EF, cutting the side GF of the cons in I, 
and meeting tlte other aide EG, pioduced in K, and IK will be (he axis, IH the abscissa, and 
HC or HB the ordinate : then describe an hyperbola, fig., 4, No. % which has its axis, absciasat 
and ordinate, respectively equal to IK, IH, HB, or HC. See Art. 17. 

Figure I, <^pU XXXV,) is the elevation of the angle of a room with conical pendentives. In 
order to form the conic surface, the figure of an hyperbola must he described upon each side 
of the room. The figure in the plate exhibits two sides of the room. In this diagram agHh 
represents the springing line on one side of the room, and bhc that on the other side; the 
fbnner corresponding to the straight line AB on the plan, No. 1, and the latter to the straight 
BC on that plan. 
'Figure 2 is a section and angular elevation of the angle of a room with spherical pendentivest 
plan being exhibited by No. 1. 

Figure 3 shows the method of drawing the springing-Iines on the walls ; the plan and 
the rib over the diagonal of the plan being given to the elevation, fig. 2. Here the plan is 
the square ABCD, and the rib over the diagonal of the square is DEFB. 

From the centre V, with a radius equal to half the side of the square, describe tlie arc gPG, 
which will touch the two sides DC, CB, of the square, at P and G, whicli are each in the 
middle of these sides ; and let the arc, thus described, cut the line BD at g. Draw gx, per- 
pendicular to DB, cutting the curve DE at h. 

Let QG, RI, SL, TN, UC, be tlic seats of the ribs for one-eighth part of the whole ; and 
since these are similar to those in every other dghth part, their formation will be sufiicient 
for the whole of the ribs; since there will be four ribs, for every one of those in the eighth pSrt, 
exactly alite, so that each rib becomes a mould for three more. The plans QG, RI, SL, TN, UC, 
divide any arc described from the centre, V, into four equal parts, and terminate upon the side 
BC of the square, in the points G, I, L, N ; and from each of these points and the centre Vi 
dcicribe an arc to out BD in g, i, /, k. Draw GH, IK, LM, NO, perpendicular to BC ; also 
IV, te, ni, perpendicular to DB, cutting the under edge DE of the rib over the diagonal 
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in the points k m, o. Make GH, IK, LM, NO, each respectively equal to gh, ik, Im, no; tin 
the curve HKMOC being drawn, will be half the springing-line over BC ; the other half, being 1 
made similar, will be the whole of the springing Hne. This springing-line will serve as a mould! 
for drawing the springing-lines upon each of the four walla. As all the ribs are portions of a 
circle of the same radius, that is, they will have the same curvature as the edge DE of the r 
which stands upon the diagonal ; the portion of each rib will be DA, Dk, "Dm, Do, cut by th« 
lines Ax, Ay, tm, ok. 

161. Figure 4 shows the springing-lines for each wall, agreeably to the plan and elevatioi 
Jig. 1. The method is exactly the same as that described for ^^.3; and thus any fiirthei 
description will not be necessary. 



CENTRINGS FOR ARCHES AND BRIDGES. 

163. In Carpentry, a centre is a combination of timber-beams, so disposed as to form a frame, 
the convex side of which, when boarded over, corresponds to the intended concavity of an arch. 

Having carried the piers or abutments to the height designed for the arch to spring from, the 
next object is to set up the centre, the proper construction and erection of which may well be 
considered as the most masterly operation in the building of arches. 

In constructing the centre for an arch, the principal object to be kept in view is, to fix tlie 
beams in such a manner as to support (without change of shape) the weight of the stones and 
other materials that are to come upon them, throughout the whole progress of the work, irora 
the springing of the arch to the fixing of the key-stone. This object has not always been 
GufHciently attended to by the architects, neither of this nor other countries j for, in many 
instances, it has been known that the centres of bridges, from the injudicious principles of 
their construction, have changed their shape considerably, or entirely failed before the arch 
was complete; and, in consequence of change of shape only, the arches built upon them have 
varied, both in form and strength, from the intention of the engineer. In the large works of 
this kind erected in Britain, however, no great inconvenience has ever been known to arise 
from change of shape; our best engineers having constructed their centres on principles 
calculated to support every weight, and resist every strain to which they might be expoBed, 
and hence have arisen the most pertect models of masonic art that ever marked the progress 
of human industry. 

' Description of Centres. 

1G3. In /j?a/c XXXVI, the upper figure is a truss of the centre for the middle arcli 
Blackfriars' Bridge ; it is supported entirely by pieces strutting from the footings and pier. 
The span of the arch is 100 feet, and its rise 40 feet. The middle portion is described by i 
radius of 56 feet, and the springing curves with a radius of 35 feet. 

The striking wedges, DD, were so placed that the corresponding fiices of these wedges 8 
the plates touched about half their length, and a loose block of wood was inserted at the bad 
of each wedge to prevent it sliding back during the construction of the arch. Tlie ends of th\ 
wedges, D, D, were bound by iron hoops, and a heai-y beam of oak was suspended from tw 
points of the centre to act as a battering-ram, in impelling back the wedges when the centre wm 
to be lowered. The whole operation of freeing the centre from the arch was performed in i 
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few minutes. Other references will be found on the iilate. Mr. Robert Mylne waa the archi- 
tect, and the foundation-stone of the bridge waa laid in 1760. 

164. The lower figure in plate XXXVI, is a section through the piers and one of the arcbea 
, of Waterloo Bridge, London, built under the direction of Mr. John Rennie, Civil Engineer. 
In this section the piling for tlie piers, the construction of the arches, and the centring for turn- 
ing the arches upon, are shown. The apandrils over the piers were formed by parallel brick- 
waUs, with blocks of stone, from wall to wall, for supporting the road-way. The dotted line 
on the arch, near the middle of the depth of the arch-stones, shows the direction of the 
pressure m the arcli when the whole load is upon it. This line is called the curve of equi- 
librium, and, when it passes every where at the middle of the depth of the arch-stones, the 
arch is of the best possible form. It will be seen that it is nearly in the middle in tJiis case. 
It was formerly considered, that the soffit of the arch should be made of the same form as the 
curve of equilibrium, but the error was corrected by Dr. Young in his valuable treatise on 
Bridges, in Napier's Supplement to the Encyclopedia Britannica. 

The centring was composed of eight frames or trusses, and was abundantly strong for the 
purpose. The disposition of the timbers will be seen by the elevation, in plate XXXVI, but a 
more perfect idea of the nature of the work will be obtained by a reference to the frontispiece. 

Description of Plate XXX VII, (tJie Frontispiece.) 
165. The principal object is the Centring of one of the Arches of the Waterloo Bridge, 
with part of the arch-stones set, and the work in progress. The framing, seen under the cen- 
tring, is that of a temporary bridge for the use of the workmen. To the left, the coiferKlara, 
pile-engines, and machinery used in forming the next pier, are shown. The view of the work 
waa taken at that period of its progress by Mr. Blore, an artist equally distinguished for his 
taste and fidelity of representation. This magnificent edifice has now been completed several 
years, and its simplicity of design, skilful arrangement, and solidity of execution, will render 
the Bridge of Waterloo a monument, of which the metropolis of the British Empire will have 
abundant reason to be proud, for a long series of successive ages. 



OF GROINED ARCHES. 



165. GaoiNs are formed by tlie intersections of the surfaces of two or more vaults, or con- 
tinued arches, crossing each other. 

Groined Arches may be either constructed of brick or stone, and they are sometimes formed 
of wood, and lathed over for plaster. 

Wlien they are constructed of brick or stone, the arch-stones or bricks require to be sup- 
ported upon wooden frames, boarded over, so as to form a convex surface, to fit that surface 
llie groined vault is required to have, in order to sustain the whole during the time of building. 
This construction is called a centre, and it b removed when the work is finished. The framing 
of the centre consists of equidistant ribs, fixed in parallel planes, perpendicular to the axis of 
each vault ; so that, when the under sides of tlie boards are laid on the upper edges of the 
ribs, and fixed, the upper sides of the boards will form the surface required to build upon. 

In the construction of the centring for groins, one portion of the centre must be completely 
formed to the surface of the principal vault, without any regard to the cross-arches, so that the 

9. O 
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upper aides of the boards may form a complete cylindrical or other surface. The riba of 
cross-vaults are then set at the same equal distances as that now described ; and parts of 
are fixed on the top of tlie boarding of the principal vault at the same distances, and board) 
to, BO as to intersect it, and Form the entire sorface of the groin required. 

Groins constructed of wood, in place of brick or stone, and latlied ondcfrtlie zibs,' 
lath Covered witli plaster, are caMed phJier-grohit. ■ - , ■; -i; -i>;- 

166. Plaster-Groins are always constructed with diagonal ribs intersecting each oOier ; tSei 
other ribs are 6xed perpendicular to each axis, in vertical planes, at equal distances', with short 
portions of ribs upon the diagonal ribs ; so that, when lathed over, the laths may be equally stiff 
to sustain the plaster. 

167. When tlu3 axis and the surface of a semi-cylinder cuts those of another of greater 
meter, the hollow surface of the lesser cylinder, as terminated by the greater (^linder, is ci 
a Welsh groitt. 

Welsh GaoiNs are constructed either of brick, ^tone, or wood. If constructed of bricki" 
atone, they require to have centres, which are formed m the same manner as those for otbi 
groins ; and, if constructed of wood, lath, and plaster, tlie ribs must be farmed to the surfe 

In the construction of groins and vaults, the ribs that are shorter tlian the whole vidth 
termed jack-ribs 

16S. Cellars are irequently groined with brick or stone, and sometimes all the rooms of the 
fcasement-story of a building, in order to render the superstructure proof against fite. The 
surface of brick or atone, on which the lowest course of arch-stones, or of bricks, b placed, is 
called the springinf^ of the arch or vault. It is evident that the more weight there is put on 
the side-walls which sustain arches, the more they will be able to sustain the pressure of the 
arches ; therefore the higher a wall is, the greater the weight should be on each of the side- 
walls : and for tills reason, in upper atones, where the walls are high, and not much weight 
over them, groins are often constructed of wood, instead of brick or stone, as not being liable 
to thrust out the walls, or bulge them, by the lateral pressure of the arches. The upper stories 
of buildings are therefore never groined with stone or brick, unless when the walls are suffi- 
ciently thick to sustain the lateral pressure of the arches. The ceilings of old Gothic cathedrak 
were generally constructed with groined arches of stone, which were obliged to be supported 
strong buttresses, at the springing points in tlie arches; and, in a few instances, the si 
method has been adopted recently. 



Geometrical Lines /or Groined Arches. 

169. Given the plan of a rectangular groined arch or vault, of which the openings are trf 
different widths, but of the same height, and a section of one of the arches, as also the plan 
lines of the groins, to find the covering of both arches, so as to meet their intersection. 

In fig. I, pi. XXXVIII, let A, A, A, &c., be the plan of the piers, and ab, cd, the plan lines 
of the intersection of the groin,* 

Let the section of the arch, standing upon the lesser opening, EC, be a semi-cilrcle': it 
required to find the section upon the greater opening and the ends of the boards, so that 
surfaces of the groin may meet in the given line of intersection. 



1 



* The diflWeiice belvceo Ibe jilan of sjiy Uody and the plan (Au i« dutiDguiihed tbus ; The plan ii a figuir npan whii 
a aoliJ Is carried up, lo Ibat all eectioiu, pamllel to the pla.D, ore equal and similar to that plan, and ihe ii 
pcodicular ) but lbs plan IMe is not In conlart with Ibe inlersection itself ; bat m perpendicular ertTt«J Irom vny point 
■he |ilaa line will pass ibrough iti correBpondiD; point of the intCTtection. 
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The edge of the rib, for the other opening, will be found thus : From tlie points 
draw the lines, II, »tK, mL, &c., parallel to the axis of the opening of the larger vault, cutting 
HB at the pomts C, D, E, &c. Make CI, DK, EL, &c., each equal to c 1, d2, e3, &c. ; then, 
through the points B, I, K, L, &c., draw a curve ; and the hne thus drawn will be in the surface 
of the greater opening, so that BNH will be one of the ribs of the body-range of vaulting. 

The method of placing the ribs is exhibited at the lower part of the diagram, Jig. 3, the ribs 
of each opening being placed perpendicular to the axis of each groin. 

172. To find the groined and side ribs of a Lunette, where the groined ribs are in vertical 
planes upon the straight lines «g-,g/, (^g'. 4, p/.A',\Xf^///,) the principal arch being a semi-circle. 

Let AC be the base of one of the principal arches, perpendicular to one of the sides of the 
main vault, the points A and C being in die same range with those aides. Let tiiq be the open- 
ing of one of the lunette windows. From the point g, the meeting of the plan lines of each 
groin, draw gr perpendioular to mq, cutting mq at »; draw ^3 parallel to mg, cutting the semi- 
circular arc ABC at 3. Between A and 3 take any number of intermediate points, 1, 2, &c., and, 
through the points 1, 3, &c., thus assumed, draw Ic, 2/, &c., cutting the line ag, of the first 
groin, in the points e,f, &c., and AC in b, c, d, &c. Perpendicular to ag draw eh,/i, Sic, and 
make eh,fi, gk, each equal to its corresponding line 6 1, c2, dS, &c. ; then, through tlie points 
g, h, i, k, draw a curve, which will form the groin belonging to the plan line ag. From the 
points e,f, &c., draw lines et,fs, &c., cutting qm in the points p, o, &c. ; and make pi, os, tit, 
respectively equal to il, c2, rf3; then, through the points g, I, s,r, draw the curve qtsr, which 
will be one of tlie ribs of the lunette. 

173. Given one of the ribs of a Lunette, and a rib of the main arch, to determine the pi 
line of the intersection of the two surfaces of the groin. (Plate XXXVIII, ^g.5.) 

This is, in fact, the same as a Welsh Groui; we shall therefore refer the reader to Art. 170, 
for its geometrical construction. 

Lunettes are used in churches, large rooms, or halls, and are made either in waggon-headed 
ceilings, or through large coves, surrounding a plane ceiling : they have a very elegant eflect 
when they are numerous, and disposed at equal distances. Though it is not necessary to have 
the axes of the lunettes and the axes of the quadrantal cylindric surfaces in the same plane, 
they have the best effect when executed so j as the groin, formed by the meeting of the two 
surfaces, has, in this case, less projection : and, though the groins are curves of double curvature, 
their projections on the plan are perfect hyperbolas, and may he described independent of the 
rules of projection, the summit or vertex of the cun'e being once ascertained : by these means 
we shall have its abscissa and double ordinate ; the transverse axis being the distance between 
the opposite curves. 

174. In church -building, it frequently happens that the windows are either carried entii 
across the gallery-floors, or their heads considerably above the ceilings of those fioors ; in eiti 
case, the light b so much intercepted, that it is necessary to hollow out the ceiling, in order to 
obtain a sufficient quantity of light. This may be done in a very elegant manner, when the 
head of the window is circular. For, if we conceive an oblique cylinder to form the head of the 
window, in the segment of the circle, the segment being the base of the cylinder to be inserted, 
and the cylinder displacing a portion of the ceiling, that portion of the ceiling must be a cylin- 
dric surface, and the shape of the hollow required to be formed. Now, it is evident that, if 
ribs be formed to curves of the same circle as the head of the window, and set in vertical planes, 
or parallel to the surface of the window, and properly ranged, they will form the cylindric sur- 
face required. 
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In plate XX F J, ^g. 3 represents the section Uirough the centre of the wuidan-, inwhicfaff/t 

■ the ceiling line, and ali (he height of the segment of the window-head, which extends above 

Kihe ceiling. Ftg. 4- is the elevation of part of the window-head, in which AD corresponds with 

Bie ceiling Ime. Fig. 5 is the plan of the curve formed by the intersection of the cyliodric but- 

t and the plane of the ceiling. 

Let it be detennined that the opening is to extend to k, on the ceiling ; then, draw bh ; and, 

I the line oA, set oft' the distances of the ribs, as at 1, i^ 3, 4, &c. ; then draw 1^ Sm, Sn, Sec. 

ratlel to A&, cutting nlim l,tH,n,&c Transfer the divisions thus found on the line a & to the 

? DB, fig. i, and from each point draw a line parallel to AD, which will deternune the points 

pl, 2, 3, &c. oi tiie arc AB. Draw HG in the plan parallel to ka in the section, and from each 

f the polnta 1, 2, 3, &c inn A. draw a line parallel to iG ; then, from each of tJie points 1,2,3, 

■ in the arc AB, let &1I a perpendicular to G b, and from the points thus found draw linea 

raUel to GH, which will meet the corresponding lines from the section in the points 1, 2, 3, i, 

S, 6, H in the plan, and the curve drawn through these points is the form of the curb. 

• The ceiling is, in the figure, supposed to be level, hut it may be inclined at any angle, and 

t the construction, as described, will give the true form of (he curb, if, irom the point G, the 

B GH be drawn parallel to ah, tlie line of the ceiling. The ribs, in both cases, will be por- 

s of circles described by tlie same radius as the head of the window. 

' 175. To find the angle ribs for a Welsh Groin, and the moulds for the boarding, Plate 

XXJX,Jig.\. 

A WeUh Groin is the intersection of one semi-cylinder, of a lees diameter, with another of a 
reater diameter. The principal objects to be found are, the line of the angle rib on tlie plan, 

] the moulds tor terminating the ends of the boards. 
' For fliis purpose, on any straight line, which lias A at one of its ends, as a diameter, describe 
mi-circle, as at No. 1, in the figure, terminating in A, for the section of the greater vault, or 
mi-cylindrical arch. As the asXs of the one cylinder is supposed to cut the axis of the other 
i right angles, the sides of the cross-vaults will also be at right angles to each other: therefore 
<r the diameter AC, of the lesser vault, perpendicular to the diameter of the greiUer vault ; 
3 on AC, as a diameter, describe the semi-circle ABC : divide Uie quadrantal arc AB into 
iby number of equal parts, as here into five. Draw Ae perpendicular to AC, and produce CA 
b i. Through the points of division, in the cjuadrantal arc AB, draw 1 a, 2b, 3<r, 4<i, Be, parallel 
ft AC, cutting Ae, in a, b, e, d, e. Again, through the same poults 1, 2, 3, 4, B, in the qua- 
intal arc AB, draw straight lines I17, 2f, 3«, 4/, BD, perpendicular to AC. From the point 
, as a centre, with the several distances Aa, \b, Ae, Ad, Ae, describe Uie arcs ek, di, ch, bg, 
o/, cutting Ak in /, g, h, f, k. 

Parallel to the diameter of the greater semi-circle, or parallel to Ae, (fig. 1, No. 1,) draw 
fh g"*, *". 'o, ^p, cutting the greater semi-circular arc in the points I, m, n, o, p. Through the 
points i, m, n, o,p, draw Iq, mr, ns, ol,pT), parallel to AC, cutting the perpendiculars Iq, '2r, St, 
♦f, BD, in the points q, r, s, t, D. Through the points A, q, r, s, t, D, trace a curve by hand, or 
jiut in nails at the points A, q, r, i, t, D, and bend a thin shp of wood so as to come in contact 
■Bfth aD the nails ; then, by the edge of this slip, which touches the nails, draw a line with a 
pencil, or find points ; and the curve thus drawn will be half the plan line of the angle rih. The 
Aer hair, being exactly the reverse, may be found by placing the distances of the ordinates at 
e distance firom the centre, upon the diameter AC, and setting up the perpendiculars by 
iXing them respectively equal to the others. 
' It will perhaps be eligible to make the whole curve AI>C at once. 
P 
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The mould for cutting the ends of the boards, which are to cover the ribs of the centres of J 
the lesser openings, will be found as follows : 

On any straight line, C5, as on the diameter AC produced, set off the equal part« Al, 1 2| 1 
13 3, 3 4, 4B, of the quadrant AB, on the straight line C5, from C to 1, from 1 to 2, from 3 to % 1 
from 3 to 4) from 4 to 5, and draw the straight lines It/, 2i', 3w, ix, 5y, perpendicular to C5. 
Make 1«, 2», 3w, 4x, 5t/, each respectively equal to each of the ordinates comprehended between i 
the base AC, and the plan line of the rib AD ; then, through all the points C, u, v, k, x, y, draw j 
a curve Cuvtoxy, as before; then the shadowed part, of which the curve line CuvKxy b the i 
edge, is the mould for one side, which may also be made use of for the other. ] 

To apply this mould, all the boards should be laid together, edge to edge on a flat or plane \ 
surface, to the breadth 05. Draw a straight line 05, perpendicular to the edge of the first ' 
board, at the distance of 5y from the end. At the distance 05 draw a perpendicular 5y, and | 
set off the distance 5ij. Then apply the proper edge of the mould from C to y, as exliibited 
in the plate, and draw a curve across the boards, and cut their ends off by the line thus drawn j 
then the ends, thus formed of the remaining parts, will fit upon the boarding of the greater vaul^ J 
after being properly bevelled, so as to fit upon the surface of the said boarding. 

No. 4, oi Jig. 1, exhibits the curve, in order to draw or discover the line on the boarding j 
of the greater vault, in order to place tlie boarding of the lesser vault. 

Nos. 8 and 3, fig. 1, show the method of forming the inner edges of the angle ribs, so as to J 
range with the small opening in plaster groins. The under edge of the rib must be formed j 
so as to correspond to the curve which is tlie plan line of its angle ; and the little distances, 1 
between the strmght line and the cant,, must be set off on the short lines, shown at Kos. 1, S, 
and 3 ; then a curve may be drawn through the points of extension, and the superfluous wood J 
taken away ; then, the rib being put in its real place, the angle will exactly fall over its plan. 
The diagram, ^^K?-e 1, and its different numbers, answer both the pui-poses of centring for I 
brick or stone, and of ribbing for plaster-ceilings. 

Figure 2, pi. XXXIX, exhibits the method of forming the Cradkhig, or ribs, for plaslcr- 
«;eilings of Welsh groins. Here principal ribs are used only across at the piers. The ribs of | 
double curvature, which form the groins, though here exhibited, in order to fix the ribs, are not 
always used by men of experience : but young workmen require every assistance, in order to 
acquire a comprehensive idea of the subject ; it is, therefore, proper to show how the groined 
ribs may be found. The other ribs, for lathing upon, are made of straight pieces of quarter- . 
ing, fixed equi-distantly 

Figure 3, 2il- XXXIX, is a plan in which common groins and Welsh groins both occur. In ' 
London, an example may be seen in the gate-way leading from the Strand^ into the court of 
Somerset-house. 

176. To find the seats of the intersections of groins formed by the intersection of an annular 
and a radial vault, both being at the same height, the section of the annular vault being a 
semi-circle, and that of the radiating vault a semi-circle of the same dimensions, the plan being 
given. Fig. 4, pi. XXXIX. 

Perpendicular to the middle line, or axis, AC, of the radial vault, draw a straight line, all, 
from any point of that middle line; from the point thus drawn, set off ab equal to the radius of 
the circle of the annular vault ; from the point b draw a luie, parallel to the axis, AC, of the radi- 
ating vault, to meet the side of the plan as at d. From the point of meeting draw a straight line 
de, perpendicular to the axis, to meet the other side of the plan of that radiating vault : on the 
perpendicular thus drawn, between the two sides, as a diameter, describe a semi-circle : divide 
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CBcb quadrantal arc of this semi-circle, and each quadrantal arc of the semi-circle DE, which 
the section of the araiular vault, into the same number of equal parts. Draw lines through 
tfie points of division in each arc, perpendicular to its base or diameter, to meet the said dia- 
meter. Through the points of section in the diameter of the annular vault, and from the 
centre, C, of the radiating vault, describe area. From the same centre C, and through the 
I points of section of the diameter cd of the semi-circle, which is equal to the section of the 

I radiating vault, draw hnes to meet the arcs. Then, through the intersection of these lines, 

I and the arcs drawn from the points of section in the diameter of the semi-circle, which is the 

I section of the annular vault, trace curves, wliich will be the plan Uiies of the groin. The 

j method of fixing the timber is exhibited at the other end of the figure. The ribs of both the 

annular vault and tlie radiating vault are all fixed in right sections of these vaults, as must 
^^^v kppear evident from what has been shown. 

I 
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177. Bridges of that sort adapted for gardens and pleasure-grounds are often of wood ; they 
are cheaper, lighter, and make a great shew for little labour ; but even in the great and service- 
kble kind of bridges this material is far from being excluded. 

The first point to be considered, in the construction of a bridge, is that the timber be sound 
and well-seasoned : the next, that it be in sufficiently large pieces ; as the timbers must be sub- 
stantial and well-joined, or all will presently be in ruin. 

It is not only the pressure above that must be guarded against in these bridges, but also 
the power of the water in an encreased quantity and forced rapidity. Fifty wooden bridges are 

itroyed by floods for one that fails beneath the weight above : the broader the river the larger 
be the bridge ; and in proportion to this the timber must be more massive ; and the rapidity 

the river, not only in its common state, but as increased by floods, must be computed, and 
strength of the fixing proportioned accordingly. 

!78. There are many reasons for building a bridge of a single arch, and where the extent of 
river is any thing considerable, no piece of wood-work will require more skill in the febri- 
eator, nor will any do him more honour. 

We have, in the preceding part of this work, Art. 57 to 83, and in treating of the framing of 
roofs. Art. 102 to 104, and other timber-work, shown the best modes of joining piece to piece ; 
and it may be shewn that there is scarcely any length to which tunbers may not be carried by 
this admirable art. 

The advantages of a single arch are very great, because the common accidents which throw 
down bridges will have no power over one of this kind. And for one fabric which fails by any 
natural decay, thousands are torn or thrown down by torrents from land-floods, or by loads of 
ice or floating timbers, which the swelling of the water has brought from their places ; and its 
force throws with an irresistible violence against the piers. 

There are many places where a bridge is an annual charge, and whenever the extent is not 
beyond all reasonable proportion for a single arch, that should be the method of avoiding the 
Occidents ; and, if ten times the price were paid. It would be frugality ; but, indeed, skill is 
required more than price in such a fabric. No bridge is more beautiful than one of a single 

;h ; none more convenient ; and besides the numerous accidents which are avoided, and from 
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which security tliere results a promise of great duration, none is stronger ; for a siogle arch, 
when ncli formed, composes a body more firm than if cut in a vast thickness from a single piece, 
the pu'ts and the directions of die grain being combined in the framing so as to strengthen and 
support one another. 

I'alladio has given a figure of a Bridge of one arch which he kid across the Cismone, where 
the breadth of the river was a hundred Vicentine feet ;* its strength appears incontcistible from 
the structure, and experience showed it to be what it seemed ; but there is yet another great 
advantage in this bridge, which is, that it lies level with the rest of the road, uid does not tire 
the traveller with an ascent and descent. 

170. In plate XL, fig. 1 is the elevation of a wooden bridge, similar to one of Palladio'a 
designs, supported on the principle of an arch, and may be used with advantage where the 
ground rises on one side more than on the other. In order that this bridge may be sufficiently 
strong, and the road or path-way easily surmounted by passengers and carriages, the curvature 
of the lower or supporting arch is much greater than that above, which forms the road or 
path-way. 

Figure 2 is a design for a wooden bridge, supported by brackets, projecting more and more 
as they rise. This design, as well as the following one, is adapted to a straight road or foot-way. 

Figure 3 is a design of a bridge, with piers and any number of arches, in which the intrados 
of each arch is the arc of a circle. It ia supported by wooden beams over the posts, acting as 
brackets ; and, to prevent the ends of the supporting brackets from having a sharp edge, sm&ll 
keys are let in from the underside. 

In order that this bridge may be sufficiently strong, when the space between the posts or 
piers is considerable, a truss is placed in the middle, so as to form part of the railing, which 
increases the strength, so that the span may be extended to two, or even three, Umes the leqgtJi 
that it could be without it. 

180. The Timber Foot-Uudge, over the Clyde, at Glasgow, is represented in plate XLZ. 
This very neat and elegant structure was designed and superintended by Mr. Peter Nicholsont ' 
in the year 1808. 

figure I exhibits the elevation of the bridge. The form of the road-way is a flat curve, said 
to be the arc of a parabola. The laud abutments arc strong masses of masonry, to which the 
timbers of the floor, or foot-way, are well secured by cramps of iron bolted to the stone-work. 

This bridge was constructed with the view of admitting a certain class of vessels to ] 
under it. Therefore, to keep the opening between the posts clear, the foot-way is suspended by 
trusses, formed in the railing. The breadth of the foot-way is about ten feet. 

figure 2 is a plan of the beams, wliich support the planking of the road-way. 

Figure 3 is an elevation of the middle opening, or arch of the bridge. 

Figure 4 is an elevation of an opening adjoining one of the land abutments. 

Figure 5 is a transverse section, showing also the elevatioo of the posts and braces which 
form the piers. 

Figure 6 exhibits the scarfing of one of tJie beams, the manner of bolting the parts together, 
and their junction with the post by which they are supported. 

Figure 7 exhibits the manner of joining the braces and posts in the nuling. 

This bridge has resisted the most tremendous ice-floods ; though the floods have risen t 
times to such a height, as only to leave a small part in the middle of the road-way dry; and 
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both the late Mr. Rennie and Mr. Telford^ the most eminent engineers this comitry has pro- 
duced, have given their approbation of its construction, both in regard to its simplicity and 
strength, for the purpose for which it was designed. 



REMARKS ON, AND INSTRUCTIONS FOR, CHOOSING TIMBER. 

181. The kinds of timber used for buildings may be comprised under three heads : that is. 
Foreign timber firom America; Foreign timber from different parts of Europe; and Home- 
grown, or British timber. 

182. Of the Foreign European kinds^ red or yellow .Fir, in timber and deals, is brought 
from Norway, Russia, Prussia, and Sweden ; the most esteemed kinds are from Riga, Memel, 
•and Dantzic. White Fir, in deals, is brought from Norway, Sweden, and Russia ; the most 
esteemed are firom Christiana. Oak, in logs, is imported from Russia, Prussia, Germany, and 
Holland. 

The red or yellow fir is that most usually employed in the construction of buildings, for 
girders, beams, joists, rafi;ers, and almost all external carpenters' work; and, in the state of deals, 
it is used for greater part of the joiner's work. White deal is used for such parts of the joiner's 
work as are not exposed to the weather ; and for cabinet-work. 

183. Foreign Oak, commonly called wainscot, is used for floors, doors, and windows of prin- 
cipal apartments, and for furniture ; the wood is of a &ae grain, and generally free from knots, 
and it is easier to work than our native oak, 

184. From America is imported Red and White Pine, White Deals, and Oak. The white 
pine is oflen a clean, uniform, and straight-grained wood, and is of an excellent quality for mould- 
ings ; but none of the American pines are durable, and when confined in close places, or built 
into walls, they are very subject to dry-rot. 

The American White Oak is very little different from the European kind, but is rather infe- 
rior, has less figure, and is certainly subject to decay sooner. The American White Deal is 
very tough and strong, and oflen warps much in drj'ing. 

185. Of our home kinds of wood, Oak is the only kind that is generally useful in buildings, 
the wood of our planted firs being vastly inferior to that from the Baltic or Norway, and is not 
fit for any purposes where much strength or durability is expected. 

186. Good Larch is, however, a very useful wood, and thrives well in this country, but that 
which is most common is of an inferior kind. The different species of Poplar and Lime-tree 
are useful for flooring, and some other purposes ; but we must proceed to give a more detailed 
account of the different kinds. 



: Qualities qf parttcular Kinds of Timber. 

187. OAK. — In our particular description of the kinds of timber we shall begin with the 
Oak, a tree which, from its strength, hardness, and durability, has obtained the pre-eminent 
title of " King op the Forest." 

10. Q 
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On selecting a piece of oak, which shall have the greatest strength, or durability, it is often 
found to be a criterion of its excellence that it has grown on a soil which reared it slowfy ; as, 
in this case, it acquires from time a greater consistence of strength than it would aequii:^ were 
it reared on soil of such a quality as to bring it hastily to maturity. This, however, is not 
always the case : because, firom particular exposures, and favourable soils, a tree of oak may 
acquire a strength and hardness sufficient to undergo the greatest pression, although it has 
sprung from an acorn to a tree of " loftiest grandeur" in a very few years. 

This is not mere conjecture ; for we know, that the oaks on the estate of Roxburgh, in Scot- 
land, for stature, for strength, and resisting quality, are not excelled by the oak of any other place 
in Britain, and that a very great number of years are not requisite for bringing this timber to 
full maturity ; but, even on the same estate, there is a considerable difference in the quality of 
the oak: that which has northern exposure is found to be more strong and hardy (ban that 
which inclines to the sun at noon-day. 

Another criterion is, to select that which, on being soaked in water, shall havtt its weight 
the least changed. This is evident, because the closeness of the fibres being sufEcaent to pn^ 
vent the entrance of the fluid, must likewise, in this situation, indicate the strength of the wood. 
This observation is not confined to oak, but may be generally applied to timber of every d^ 
scription. 

In selecting trees for felling, that are to be api>lied in cases where great strength and ducatibQ 
is expected, we must be particular in examining the state of health of those trees to which the axe 
is to be applied ; for, if decay has taken place, we are sure that the timber is not so proper for 
our purpose as it would otherwise be. When the top of the tree is in a state of decay, it 
clearly bespeaks a decay in the tree itself; and, if a branch be decayed, or a stiwp rotten« U 
indicates a defect in that part of the tree to which it is attached. 

Another circumstance to be particularly attended to, is, the time of cutting ; most of the 
purposes of building requiring the greatest perfection of strength and texture, and duration. It 
is very generally supposed that these properties are obtained in the highest degree by cutting 
down the tree in winter, when it is freest from sap ; as, in this c&$e, it is more readily seftson^d 
and rendered fit for use. 

It, however, seldom happens that oak is cut down in winter ; its bark being so valuable and 
useful for tanning of leather, that it is found to be more profitable to the owner to reserve the 
tree till spring, when the sap has ascended from the root, and loosened the bark from the 
wood, so that it may be easily stripped off; which it would not be were the tree cut down in 
winter. 

The difference of seasons sometimes occasions a difference in the time of felling the wood, 
even for this purpose ; but what ought to be particularly attended to, is, the state of the leaf. 
After the leaf begins to appear is a very proper time ; for then the sap has expanded aU round 
and over the tree, so that the bark is easily removed ; if delayed till the leaf be fully expanded, 
the bark loses considerably in its value. 

In the progress of decay, after a tree has been cut down, it has been observed that, the 
outer coat, being exposed to the action of the atmosphere, is first destroyed ; then the second 
coat, and so on, gradually approaching the centre or heart of the tree : but we must under* 
stand this only of those which have been cut before they had begun to decay from age in 
the standing tree ; as trees, that decay from standing too long, have their central part first 
destroyed, and the outer shell will even stand many years after the inner parts have been en- 
tirely wasted. 
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1 builder wtU, therefore, if the tree be old and large, be very particular is exiu 
B central parts ; especially that which lies next the root, or near decayed branches, as there 
e wasting will first begin. 
I For seasoning oak, the best method is to immerse it in water; this, in logs, sliould be done 
r several months; but, if cnt into planks, so much time is not necessary. In eitlier case, to 
i and dry alternately is to be carefully avoided. The eeasoning of planks can thus be always 
fected withouf nmch trouble ; but, with respect to logs, it is troublesome, and they require 
irly as much lime after to dry gradually in tlie shade, as if they bad not been soaked in water. 
' After having soaked plattks in water, the usual mode of drying them is by placing a strong 
lam horizontally, so high as to admit one end of (he plank lo rest against it, in an inclined 
Mition, while the other rests on stones or slabs on the ground ; observing to place the planks 
Igewise, and alternately one on one side of the beam, and another on the other, thus leaving a 

e between each for the air to pass freely. 
^ IStf. BEIDCH. — Having said thus much in regard to oak, we shall now apply our observations 
[o Beech, a wood which, from its hardness, closeness, and strength, especially when exposed to 
particular strains, holds a prominent place amon^ the trees of the forest. 

Of Beech there are three kinds ; a black, a brown, and a white. The brown is very common 
m Britain, and is most generally found in hedge-rows, or in the demesne lands about gentlemen's 
scats; being, when in full foliage, remarkable for its close and cooling shade. 
About Mount Stuart, in tlie Isle of Bute, some of the trees in the avenues are immensely 
cge, and yet appear to be in a thriving healthy condition; it is, therefore, probable that the 
i necessary for rearing this wood ought not to be of the richest and heaviest kind ; for here 
It is found in the greatest perfection that we remember to have seen it in any place, during a, tour 
f the kingdom, and t!ie soil is not remarkable for either of these qualities. 
' With respect to the nature of tiie trees of the other kinds we cannot say much, not having 
1 an opportunity of examining them. 
The wood of the beech is not well adapted for beams, because dampness soon brings on the 
Plot J but for those purposes that require it to be continually under water, it is exceedingly durable: 
its principal use is for furniture, where its smoothness and compactness render it of great value ; 
it is also much used for tools, and for turnery. Beech is very liable to be destroyed by worms. 
189.— ASH is a species of wood very common in Britain, and for the purposes cif the farmer 
there is perhaps none more valuable ; oak itself not excepted. Carts, ploughs, harrows, and 
indeed almost all the implements of husbandry, are made of tliis wood. Like ihe oak, it 
requires particular exposures to render it the fittest for use, where great strains have to be over- 
come. A clayey soil has been found to answer very well for its propagation. On the lands of 
Limlawe, the property of Robert Ker, Esq. of Chatta, in Roxburghshire, tliere is a plantation 
of this wdod, overhanging the precipitous banks of the Tiviot, and having a northern expo- 
»nrc: the trees in this plantation are immensely tall, straight, and tapering upwards, like a 
larch ; the soil is clayey, and the wood is of the best quality imaginable, producing, at limes, 
from 1 \d. to Srf. per foot more to the proprietor than the same wood from any other place in 
llic \ortb. 

On the demesne of Rokeby, near Greta Bridge, in Yorkshu-e, are trees of ash, very large 
and goodly to appearance, but we have not been able to ascertain any thing respecting llic 
nature and particular qualities of the wood. 

On the estate of Marchmont, ui Berwickshire, are ash trees of very great size, wliich suffi- 
ciently prove that this wood is of a towering nature, although, on account of the many uses lo 
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which it is applied, it seldom arrives at maturity. Tlie proper time to cut down ash is m wiiAS^^ 
when the sap is at rest. 

The quality is nearly the same through the whole substance of the tree, but the outside is 
rather the toughest. It soon rots when exposed to the weather, in a state of rest, but will last 
very long in constant use, if properly taken care of. It is of a porous structure ; and that of 
which the fibres are long and straight is always considered the best. 

190. — ELM is another tough and strong species of wood; it is, also, very useful for the 
husbandman, many implements being made of it; and, indeed, it is oAen preferred, for parti- 
cular purposes, to ash itself. This is a very common wood, and is mostly found in hedge-tows, 
or around the skirts of plantations. On the demesne lands of Springwood Park, in the neigh- 
bourhood of Kelso, trees of this kind are very large, high, and branching, and contain a very 
great quantity of valuable timber. This drcumstauce authorises us to conclude, that a rich 
and loamy soil is the best for its production ; as, in this particular place, the land is of such a 
quality, and also extremely fertile, the elms reared on it may be compared with any in the 
kingdom. 

191. FIR. — The next species to which our attention shall be dhected b Fir, than which 
there is no kind of timber more useful, or applied to more useful purposes. This, however, 
arises, not from its euperior strength or durability, but from its being cheap, and yielding easily 
to the tools of the workman. It is common in almost all northern countries, and is brought, in 
gi-eat quantities, from Norway, Russia, Prussia, Sweden, and North- America. 

The fir which is mostly used in carpentry is distinguished by the name of Memel, Danlxic, 
and Riga Fir. Norway Fir is also much used for smaller timbers, and answers extremely well 
when exposed to the air, or when kept under ground. The fir from North-America is softer 
than any just mentioned ; it is Ukewise more free from knots, and, of course, suitable for the finer 
parts of joinery, such as panels and mouldings, and is called j» fit; too or/. What is termed in 
England w/ii/e deal, is a species of spruce Jir, and is very durable when kept dry, and for that 
reason is much used by cabinet-makers ; but, as it does not stand the weather, it is used only 
for internal work in joinery. 

In former times the Highlands of Scotland abounded in forests of fir-trees, as appears from 
the great number of stumps and roots still existing in the bogs and morasses. Above Lochiel- 
House, in Invemessliire, along the whole extent of Loch-Aghrigh, or Arkeig, is a forest of fir, 
in which many of the trees are yet in a high state of health, and of a great size : this wood is 
very strong, and so full of rosin, that many of Ihc inhabitants use it in lieu of candles, it giving 
such a brilliant light as lo render the use of tallow unnecessary. 

192. — BIRCH is also a very common wood, and in the North of Scotland the dwarf kind 
grows spontaneously, in great abundance. The quality of birch is nearly the same quite across 
the tree ; it is very tough, but will stand the weather, and worms ai-e very hurtful to it. Birch 
is often used in works which lie luider water. Some beautiful species of birch are imported 
from North-America in large logs ; and they are much used for cabinet-work. The one of these 
species is called brown birch, and is frequently figured witli dapples. When this kind is pv^H 
perly stained, it has much the appearance of mahogany. ^^^| 

193. — POPLAR is a tree that thrives well on wet ground, and is very often found onjl^H 
spots about gentlemen's seats. In beams it is liable to the same objections as beech, but it la 
well adapted for floors and stairs ; but it rots when exposed to the weather. 

The poplar and the aspen resemble each other ; the latter is tough and soft, lasts betCeiMrheQ 
exDosed to the weather, and is equally good throughout the body of the tree. 
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H tlie boards at right-angles, and lay nearly parallel witli the surface of others. Both kinds were 
H placed in a warm room, under perfectly similar circumstances ; those which had been formed by 
H cutting the boards, so that the ringa were nearly parallel, as at A in^g. 1, pi. XLIII, soon changed 
H their form very considerably, the one side becoming hollow, and the other round ; and, in drying, 
H they contracted nearly fth in width. The other kbid, in which the rings were nearly at 
H right-angles to the surfaces of the boards, as at B, in the figure, retained with very little 
H variation their primary form, and did not contract in drying more than about ^th part of their 
H width. As Mr. Knight had not tried resinous woods, the subject was further investigated by 
H Mr. Tredgold, who had two specimens cut from a piece of Memel timber; and, to render the 
H result of the observation more clear, conceive the figure to represent the section of a tree, the 
H Bimual rings being shown by circles ; BD represents the manner in which one of the pieces was 
^V cut, and AC the other) the board AC contracted about ^'^th part in width, and became hollow 
H on the side marked b ; the board BD retained its original str^ughtness, and contracted only 
H sbout TTsth part of its width ; the difference in the quantity of contraction being still greater 
H than in hard woods. 

H From these experiments the advantages to be obtained, merely by a proper attention in cutting 
^B out boards for pannets, &c., will be obvious ; and it will also be found, that panneb cut so that 
^1 the rings are nearly perpendicular to their faces, will appear of a finer and more even grain, and 
^1 require less labour to make tlieir surfaces even and smooth. The results of these experiments 
^^ are not less interesting to cabinet-makers than to joiners, particularly in the construction of bil- 
^1 Uard-tables, card-tables, and indeed every kind of table in use. For such purposes, the planks 
H should be cut so as to cross the rings, as nearly in the direction, BD, as possible. We have no 
H doubt that it is the knowledge of this property of wood, that renders the billiard -tables of some 
H makers so far superior to those of others. In wood that has the large radiating lines, as th* 
H Oak, for example, boards cut as BD will be figiured, while those cut at AC will be plain. ■ 

H 201^. There is another kind of contraction in wood whilst drying, which causes it to becoma I 
H curved in the direction of its length. In the long styles of framing we have often observed it) J 
H indeed, on this account, it is difiicult to prevent the style of a door, hung with centres, frota m 
H curving, so as to rub against the jamb. A very satisfactory reason for this kind of curving htf | 
^B been given by Mr. Knight, which also points out the manner of cutting out wood, so as to be 
H less subject to this defect, which it is most desirable to avoid. The interior layers of wood, 
H Itcing older, arc more compact and solid than the exterior layers of the same tree ; consequently, 
H hi drying, the latter contract more in length than the former. This in-egularity of contraction 
H causes the wood to curve, in direction of its length, and it may be avoided by cutting the wood, 
^ft wo that the parts of each piece shall be as nearly of the same age as possible. 
^B ' 203. Besides the contraction which takes place in drying, wood undergoes a considerable g 
H dunge in bulk with the variations of the atmosphere. In straight -grained woods, the change in I 
* length is nearly insensible; hence they are sometimes employed for pendulum rods; but th^fl 
lateral dimensions vary so much, by the dampness or dryness of the air, that a wide piece vX ■ 
wood will serve as a rude hygrometer. The extent of variation decreases in a few seasons, but I 
it is of some importance to the joiner to be aware, that, even in very old wood, when the surface I 
b removed, the extent of variation by damp is nearly the same as in new wood. It appears, | 
I from Rondelet's experiments, that, in wood of a mean degree of dryness, the extent of con- I 

^^H "traction and expansion, produced by the usual changes in the state of the weather, was, I 

^^^F In fir-wood, from y^ to T^th part of its width ; I 

^^^^r and, in oak, from ,fi to ^th part of its width. J 

Mi I 
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Consequently, the mean extent of variation in Br is ttt, and in oak -ria ; and at this mean rat^j^ 
in a fir board, about 12| inches wide, the difference in width would be i^lh of an inch. This 
will show the importance of attending to the maxims of construction we shall have to place before 
the reader, in treating of framing in joinery ; for, if a board of that width should be fixed at 
both its edges, it must unavoidably split from one end to the other, by the mere «ffect of the 
weather, 

The importance of a knowledge of these properties of timber is considerable in all arts whep^ 
wood is operated upon in considerable pieces, and for good work ; and we have to acknowledj 
the assistance in treating them we have received from the Treatise on Joinery in the Encyt^ 
pcedia Bntannica, written by Mr. Tredgold. 



ON THE STRENGTH OF TIMIIER. 



€04. The strength of nutterials used in mechanical constructions is exerted In five dilfcrei 
ways ; that is to say, in resisting a direct pull, in resistance to compression, to a transvei 
strain, to torsion, or twisting, and to percussion. 

The strength which resists extension is the effect of cohesion. If cohesion opposes t^ 
extension, both act according to the same law, being as the extension, while the forces e 
are not great. There is a certain limit beyond which cohesion does not act : and if it be i 
ceeded, a total separation takes place. 

205. Materials also should be considered in relation to the effect a strain produces on theu 
they bend, they sufler alteration, and they break. 

Bending may be occasioned either by a transverse or by a longitudinal force : when the fore 
is transverse, the extent of the bending is nearly proportional to the force \ but when it i 
gitudinal, tliere is a certain degree of force which must be exceeded, in order to produce, 
rather to continue, the bending, if the force be applied exactly at the axis. But it ts eijual^ ^ 
true, that the slightest possible force applied at a distance from the axis, however minute, or with 
an obliquity however small, or to a beam already a little curved, will produce a certain degree of 
bending ; and tliis observation will serve to explain some of the difficulties and irregularis 
which have occurred in making experiments on beams exposed to longitudinal pressure. 

206. Alteration, Dr. Young truly remarks, is often an intermediate step between a temporaiyl 
change of form and a complete fracture. There are many substances, which, after bending to 
a certmn extent, are no longer capable of resuming their original form: and in such cases it 
generally happens that the alteration may be increased without limit, until complete fracture 
takes place by the continued operation of the same force which has begun it, or by a force J 
little greater. Those substances whicli are the most capable of this change, are called ilHcti^ 
and the most remarkable are gold, and a spider's web. When a substance has undergoni 
alteration by means of Its ductility, its stiffness, in resisting small changes on either side, remains 
little, or not at all altered. Thus, if the Etifihess of a spider's web, in resisting torsion, wen; 
sufficient, at the commencement of an experiment, to cause it to recoier itself, after being 
twisted in an angle of ten degrees, it would return ten degrees, and not more, after having been 
twisted round a thousand times. The ductility of all substances, capable of being annealed, is 
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greatly modified by the effects of heat : hard steely for example^ is incomparably less subject to 
alteration than soft, although, in some cases, more liable to fracture ; so that the degree of 
hardness requires to be proportioned to the uses for vrhich each instrument is intended ; although 
it was proved by Coulomb, and has since been confirmed by other observers,* that the primitive 
stifihess of steel, in resisting small flexures, is neither increased nor diminished by any varia- 
tion in its temper. It is laid down as a principle, in Mr. Tredgold's work on the Strength of 
Iron, that the strain upon any material used in building should never be greater than that which 
causes alteration, and, by comparing numerous experiments, he has ascertained, that the force 
which first occasions sensible alteration is about one-fourth of that which causes firacture. 

SOT. Breaking, or fracture, ought never to happen in practice, unless in the case of accidents; 
tiie object of calculation is to prevent it happening in any case; but often through a mistaken 
notion of economy, beams are only just made strong enough to bear a little more than the 
breaking weight, and perhaps the whole of the weight not carefully estimated, hence occur seri- 
ous fiiilures. If, however, the load to be supported be made one-fourth of the breaking weight, 
the structure will most certainly be secure, and do credit both to the calculator and the builder. 

We must now proceed to treat of the difierent kinds of strength, and give the results of 
experiments on this interesting subject, so that the calculations of strength may be performed 
in the easiest possible manner. 

S08. Cohesive Strength, in prismatic bodies, is proportional to the area of the transverse 
section, taken at the smaQest part ; and it is measured by the weight required to tear a body 
asunder. In tiiose sobstances, however, which possess ductility, the surface of fracture is not 
the true surface whose cohesion is overcome by the weight ; for such substances stretch con- 
sideribly on their application, and their diameter gradually contracts until they yield. Pieces of 
lead exhibit tiiis kind of contraction in a remarkable degree. 

The force required to tear a piece asunder suddenly, is much greater than what it can bear 
for a length of time ; even iron, which suspends firom twenty-seven tons to thirty-two tons for 
every square inch of its section, ought not to be trusted in any structure vnth more than eight 
tons on a square inch. Hard steel is much stronger than iron, as it requires a forde of about 
sixty tons to pull a bar of steel an inch square asunder. 

Experiments on timber are much more irregular than those on metals, firom the irregularity of 
its fibres ; there is also a considerable difference in the specimens from the same tree. Oak 
breaks with about five tons per square inch, and yellow fir five and a half tons ; while ash requires 
nearly eight tons to break it. Where a rod, used to suspend a body, is of considerable lengtii, its 
weight must be added to tiie load, and therefore the section should be continually less downwards. 

009. The force necessary, according to the experiments of Muschenbrook, to tear asunder a 
square inch of difierent kinds of wood, is given in the following table : 



Locust-Tree S0,100 lbs. 

Jujebe 18,500 — 

Beech and Oak 17,300 — 

Oraoge-Tree 15,500 — 

AMer 13,900 — 

mm 13,800 — 

Mulberry-Tree 12,500 — 



Wfflow 12,500 lbs. 

Ash 12,000 — 

Plum 11,800 — 

Elder 10,000 — 

Pomegranate •....• 9,750 — 

Lemon 9,250 — 

Tamarind 8,750 — 



Fir 8,330 lbs. 

Walnut-Tree .-- 8,130 — 

Pitch-Pine 7,650 — 

Quince 6,750 — 

Cypress........ 6,000 — 

Poplar 6,500 — 

Cedar 4,880 — 



* To Tcriff Uiis tmporUDt truth, a leriei of experiments were made by Mr. Tredf old on tbe elasticity of steel, which were 
read btfore the Royal Society, in March, 1884, and published in their IVansactions for that year. 

11. S 
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310. The strength of a square inch of difibrent metals to resist being pulled asunder, we hsfe 
calculated from the experiments of Mr. George Rennie : 



Description of Specimens. 



i of an inch square of cast-iron bar, cast horizontally, 
i do. do. do. vertically... 

i do. cast-steely previously tilted. . .. — 

i do. blister-steet reduced per hammer ......< 

i do. shear-steel, do. do....... 

i do. Swedish iron, do. do...... 

i do. English iron, do. do 

I do. hard gun-metal, mean of two trials . . 

i do. wrougnt-copper, reduced per hammer 

i do; cast-copper .............................. 

i do. fine yellow brass w........«... ............. 

i do. cast-tin 

i do. cast-lead — . — 



Broke with 


Strait^ of . 




Sqnare Inch. 


Ibi. 


Ibf. 


1166 


18,656 


1218 


I9,4«8 


8391 


134,256 


8322 


133,152 


7977 


127,632 


4504 


72,064 


8492 


55,872 


2273 


86,368 


2112 


33,792 


1192 


19,072 


1123 


17,968 


296 


4,736 


114 


1,824 



211. From these experiments the strength of any of these substances to resist being pulled 
asunder may be easily calculated by simple proportion. That is, as the weight in lbs, that 
would break a piece one inch square is to one inch, so is the weight to be supported to the area 
of the piece in inches which would break by that weight ; and four times that area should be the 
size of the piece used to suppott such a weight in a building. 

For example, if it be widhed to ascertain the size of a tie of iron that will resist a stress of 
124,000 pounds in the direction of its length, it will be found that English iron will break with 
about 55,000 lbs. on a square inch ; therefore 

55,000 : 1 :: 124,000 : 225 

55,000) 124,000 

2*25 square inches. 
4 



9*00 square inches, the size that may be employed with 
perfect safety to support the load in practice. 

212. Repulsive Strength, or the power of bodies to resist compression, is much more difScult 
of investigation, and the greatest analysts have been mistaken in their results. The relation 
between the cohesive and repulsive forces depends much on the structure of the bodies. Fir 
will support more than oak when employed as a pillar ; and cast-iron resbts compression with a 
force equal to twice its cohesion. 

213. In a rectangular beam, if the compressive foree be not applied in the direction of the 
axis, it will bend the beam ; for the repulsive forces, acting against it on each side of a line, 
drawn through the point of application, must be equal; but the number of particles between it 
and the surface nearest to it, is less than that of the rest of the section ; and if they were 
equally impressed throughout, their action could not be equal to that of the others ; they must, 
therefore, be more compressed, which augments their repulsion, and compensates for inferiority 
of number. The column, therefore, must bend, as one of the surfaces, through greater com- 
pression, becomes shorter than the other, and there is a longitudinal section, which is neither 
compressed nor extended, which has obtained the appellation of the Neuiral Seetim^ 
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Between this section and the remote surface a portion of the beam is in a state of ex- 
tension* It is bbvious that a similar flexure would be produced by a force appUed obliquely to 
the axis, or by a transverse strain, even when it acts directly transverse, and that the strength 
may be much increased as a pillar, if it be prevented from bending by lateral braces applied at its 
middle. If the piece be so prevented from bending in the middle, it may then be loaded with 
the same weight which it would safely suspend, and the resistance will be as the area of the 
transverse section in the smallest part. 

S14. And it also appears, from an investigation of Dr. Young's, as well as from experiments 
by Rondelet and! others, that there is a determinate proportion between the length and diameter 
of a column, such that the column will crush rather than bend, and then the same rule just given 
applies to find its strength. 

By applying Dr. Yoiuig*s determination to the strength of wood and iron, compared with the 
measure of their elasticity, it appears, ' that a round column or a square pillar of -eidier of these sub- 
stances cannot be bent by any longitudinal force applied to the axis, which it can withstand with- 
out being crushe4> unless its length be greater than twelve or thirteen times its thickness respec- 
tively : nor a column or pillar of stone; unless it be forty or forty-five times as long as it is thick. 
Hence we may infer, as a practical rule, that every piece of timber or iron, intended to withstand 
any considerable' compressing force, should be at least as many inches in thickness as it is feet 
in length, in order to avoid the loss of force which necessarily arises from curvature or bending. 

215. Mr. George Renme's experiments on the force necessary to crush substances of va- 
rious kinds. 



Area of Specimeni, one Inch square. 



>me 



Ehn ...; 

AmericanI pi 

White dal. 

English oak, mean of two trials.. ••««.• 
Do. of 5 inches long, slipped with ...... 

Do. of 4inches, do.. ........ ........ 

A prism of Portland stone, 2 inches long 
Do. of statuary marble.. ...... ....... 

Craig-Leith sand-stone.*. ............. 



Specific 
Gravity. 



Weight that 

cnitbed the 

Specimen. 



lb: 

1^84 
1606 
19^ 
3860 
2572 
6147 
805 
3216 
8688 



Weight that 

would cmih 

a square inch 



lbs. 
1284 

1606 
1928 
3860 
2572 
6147 
805 
3216 
8688 



Are. of Specimeni, one Inch and a half iqoare 



Chalk .v. 

Brick of a pale red colour. ............. ........ 

Roe-stone, from Gloucestershire ................. 

Redbrick, mean of two trials ................... 

Yellow-&ce baked Hammersmith paving-brick, > 
three trials ......11......................) 

Burnt do. mean of two trials 1.. ....... .......... 

Stourbridge or fire-brick ....................... 

Derl^grit, a red friable sand-stone .. ......... 

Do. from another quarry.... .................. - 

CoUalo white firee-stone, not stratified.^. .......... 

Portland stone ..........•....>..«....... ...i... 



2-085 
2-168 



1 



2-S16 
2-428 
2-4^ 
2-4^ 



1127 
1265 
1449 
1817 

2254 

3243 
3864 
7070 
9776 
10,264 
10,284 



501 
562 
644 
808 

1003 

1441 
1717 
3142 
4334 
4562 
4670 
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Are* of Specimens^ one Inch and a half iqiiare. 



Craig-Leithy white free-stone 

Yorkshire paving stone^ with the strata ........... 

Do. do. against the strata ......... 

White statuary marble^ not veined ............... 

Bramley Fall sand-stone, near Leeds^ with the strata 

Do. against the strata. ..«...••«........... 

Cornish granite 

Dundee sand-stone, or brescia, two kinds. 

A two-inch cube of Portland-stone. ........ ...... 

Craig-Leith stone, with the strata................ 

Devonshire red marble, a variegated specimen ...... 

Compact limestone — 

Peterhead granite, hard, close-grained ............ 

Black compact lime-stone, from Limerick. ......... 

Purbeck-Btone 

Black Brabant marble 

Very hard free-stone .......................... 

White Italian veined marble .................... 

Aberdeen granite, blue kind. ....... ............ 

Cast copper, i by |, crumbled with............... 

Fine yellow brass, | by |, reduced i with. ......... 

Wrought copper, J by 4> reduced | with 

Cast tin, i by j, reduced f with.-.. ........ ...... 

Cast lead, | by i, reduced i with ...... 



Specific 
Grarity. 



g-452 
2-507 
2-507 
2-760 
2-506 
2-506 
2-662 
2-530 
2-423 
2*452 

2-584 

2-598 
2-599 
2-®7 
2-528 
2-726 
2-625 



Wcirht that 

CTuuiedtbe 

Specimen. 



IIm. 

12,346 

12,856 

12,856 

13,632 

13,632 

13,632 

14,302 

14,918 

14,918 

15,^ 

16,712 

17,354 

18,636 

19,924 

20,610 

20,742 

21,254 

21,783 

24,556 

7318 
10,304 

6440 
966 
483 



Weight that 

woukI crath 

a tqnare inclL 



Iba. 
5486 

5714 

5714 

6059 

6059 

6059 

6343^ 

6630 

3729 

6916 

74«8 

7724 

8283 

8866 

9160 

9219 

9446 

9670 

10,914 

117,056 

164,864 

103,040 

15,456 

7728 






216. Mr. Rennie's experiments on crushing cast-iron. 



Cast-iron, from a block, ... area i, length { of an inch 
Ca8t-iron,horizontaI castings, area |, length | .... 
Cast-iron, vertical castings . . area }, length i .... 

Castings, horizontal .... area \, length | .... 

Vertical castings ......... area i, length | .... 

Horizontal castings ... area ^, by i long ......... 

— J.byi- 

- i.byj- 

- i.byl- 

— i, by I or one inch long 
Vertical castings ..,.. area i, by f long ......... 

- *,byi- 

- ibyj- 

— i, byl — 

— J.byf — / 



T^^ 



Specific 
Gravity. 



7' 
7' 
7 



033 
113 
074 



Weight that 
craslwd the 
Specimen. 



Weight that 

woaM crudi 

a *qo8re inch 



)bi. 
9774 
10,114 

11,137 
9415 
9983 
9006 
8845 
8362 
6430 
6321 
9328 
8385 
7896 
7018 
6430 



lb«. 

156,384 
161,824 
178,192 
150,640 
159,728 
144,096 
142,520 
133,792 
102,880 
101,136 
140,248 
134,160 
126,336 
112,288 
102,680 



The strength of pieces to resist crushing is to be calculated m the same manner as that for 
resistanpe to pulhng asunder, see Art. 211 ;. and the same allowance of four times the strength 
should be made in practice ; besides, observing that the length must be-less in proportion to the 
diameter than the proportions stated in Art. 214. 
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S17. Tratuverse Sirength.-^A piece of timber projecting from a wall^ in which it is tixed^ may 
be strained or Inroken by a weight suspended from the extremity^ as in Jig. I, pi. XLIIy or by a 
load uniformly distributed over it, as in the cantilivers of a roof. 

Figure 2 exhibits a piece of timber in the act of breaking ; the bar moves round a point, A« 
at or near the middle of the depth ; the fibres above, from A to CD, are supposed not to hy 
broken, they are therefore in a state of tension, and the fibres below the point A, from A to B, 
are in a state of compression : both these forces equally counteract the efforts of the weight W; 
the force of extension being equal to that of compression. 

Figure 3 exhibits the manner in which a beam, supported at both its extremities, may be 
broken by the application of a force in the middle, or between its ends, as in the case of joists, 
binding-beams, and girders, which have not only to sustain their own weight, but also any acci- 
dental weights with which they may be loaded. 

This manner of exposing timber to fracture is the same as that represented at^^. 4, where 
the weights are substituted for the props and made to pull upwards, each weight being equal 
to half the weight suspended in the middle. 

Figure 5 represents a joist supported by two walls. We must here observe, that joists 
ought never to be firmly fixed in walls when they are inserted only nine or ten inches, as in 
Crommon cases ; for they would endanger the wall by causing it to bend or fracture, particularly 
when the wall is thin : however, when the wall is of sufiicient thickness, and the timber inserted 
through the whole thickness, as in Jig. 6, the effort to bend or fracture the wall will not be 
so great, and the timber, thus fixed, will be exceedingly stiff, the strength being increased by 
the mode of fixing. 

A joist, AS in Jig. 9, reaching over two areas of equal breadth, is much stronger than two 
joists of the same scantling, reaching over the two areas of the same breadth. 

Figure 7 exhibits another way in which timber may be broken, by being crushed, as in the 
tase of columns, strong posts, principal raflters, &c. 

- In Jigure 8, which represents a pair of rafters, supported on two opposite walls, a weight, W, 
suspended from the vertical angle A, compresses the rafters AB, AC, in the direction of their 
lengths. We have already shown the reader how to estimate the effect of such a weight in 
sprea^g out the walls in Art. 62. 

218. Figure 9 shows the efforts of two equal weights to break two rafters ; but this may be 
prevented by two struts, branching from the king-post to the points in the rafters under the 
phces where the weights are applied. The effect of the weights is, therefore, to crush both 
rafters and struts. For a force applied upon the back of a rafter presses in the direction of the 
stmts, which again press on the lower end of the king-post, and the king-post presses on the 
tops of the rafters, the lower ends of which press the extremities of the tie-beam, which is there- 
fore brought into a state of tension. Therefore, the rafters are in a state of compression, and 
die king-post in a state of tension, while the struts are in a state of compression. 

S19. With regard to direct cohesion, the strength is as the number pf ligneous fibres, and 
therefore as the area of fracture ; but, in transverse strains, the case is very different, where, 
instead of a direct application of the force in the line of the fibres, it is made to act upon them 
in the direction of the fibres, by means of levers, and therefore the effect of the force depends 
on the proportions of the levers, as well as on the area of the section of fracture. 

Galileo, to whom the physical sciences are so much indebted, was the first who undertook 
to investigate the subject upon pure mathematical principles. He considered solid bodies as 
being made up of numerous small fibres, applied parallel to each other : he assumed the fi>rce 
which resisted the action of power to separate them, to be directly as the area of a section per- 

1«. T 



L 



70 PRACTICAL CABFBNTRT. 

pendicular to the length: that is, as the number of fibres of which the body is cc 
likevnse supposed that bodies resisted lateral fracture by cohesion only, and that each particle 
was ecjually acted upon, and therefore the whole resistance to fracture of a rectangular beam, 
turning on a line in one of its sides perpendicular to the two edges, was the same as if the whole 
resistance had been comprised in the centre of gravity. 

Now, in a rectangular beam, the centre of gravity is distant from the axis half the depth 
the beam. Therefore, let b be the breadth, and d the depth, of the beam ; then the distance 
the centre of gravity will be {d, and the effort to resist fracture will be bdx {d^—-. 

Therefore, when a beam is soUdly fixed in a wall, if / be the length, tv the weight that 
break it : 



Then i 



: irf : 



{d. : I. Whence w^- 



\ 



From other investigations, which we shall not attempt to show here, Galileo endeavoured to 
prove that, whatever weight is required to break a beam fixed at one end, double that weight is 
necessary to break a beam of equal breadth and depth, with twice the length, when supported 
at both ends. 

220. But Marriotle, a Member of the French Academy, discovered the inaccuracy of Gj 
lileo'a theory, and was fortunate enough to arrive at the true one. The discovery of Marriot 
attracted the attention of the philosopher Leibnitz, who, through some strange oversight, coi 
eluded that every fibre acted by tension only, and instead of acting with an equal force, each e: 
erted a power of resistance proportional to the distance of extension, and that the beam turn< 
on a line in one of its aides as a fulcrum. The high name and authority of Leibnitz caused 
inaccurate i-iews to be followed, and, till within a few years, the labours of Marriotte were 
appreciated according to their value. 

A complete investigation of the resistance of materials, according to the direction and 
tion of the forces applied, would require a volume. The reader who wishes for more iafonnatioa' 
on this subject, cannot do better than consult the third Edition of Mr. Barlow's valuable 
"Essay on the Strength and Stress of Timber;" and Mr. Tredgold's "Practical Treatite on 
the Strength of Iron and other Metals." We propose here to give the rules for plain rectanj 
beams, and in as simple a mode as possible. 

231. The strength of beams of the same kind, and fixed in tlie same manner, in resisting 
transverse force, Is simply as their breadth, as the square of their depth, and inversely as th^ 
length. Thus, if a beam be twice as broad as another, it will also be twice as strong; but if 
it be twice as deep, it will be four times aa strong : for the increase of depth not only doubles 
the number of the resisting particles, but also gives each of tliem a double power, by increasing 
the length of the levers on which they act. The increase of tlie length of a beam must also 
obviously weaken it, by giving a mechanical advantage to the power which tends to break it 
and some experiments appear to show, that the strength is diminished in a proportion somewl 
greater than that in which the length is increased. 

The strength of a beam, supported at both ends, is twice as great as that of a single beam 
half the length, which is fixed at one end ; and the strength of the whole beam is agtdn nearly 
doubled, if both the ends be firmly fixed ; and the. stiffness follows the same proportions, as Car 
as the fixing and manner of supporting is concerned. 

These proportions, combined with the following series of experiments, will be sufficient 
enable the carpenter to compute the strength of tlie beams wluch are used in buildings, mi 
complicated forms we do not attempt to give, as they are chiefly executed in iron. 
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222. Results of Experiments on the Strength of various Specimens of wood, from the 
BUmdeM of Evidence on the Timber Trade^ taken before a Committee of the House of Com- 
mons, p. 22. 

The trials were made upon pieces carefully selected as to quality and grain ; the pieces were 
two feet in length and one uich. square, and all of them from split portions of timber. 

The order of Strength as ascertained by their being broken by the application of weight. 



Dcfcription of the Specimens. 



The piece 

was brokeo 

by 



1. English Oak, from King*s Langley.. 

2. Norway yellow fir, from Long Sound 

3. Riga oak, (wainscot,). ..»..•.«.... 

4. Christiana white spruce ......••.•. 

American pine, from Quebec ....... 

White spruce fir, ditto.......... •• 

7. English oak, from Godalming ... — 



Other trials of strength were as follows, the size of the specimens being 

the same. 



1. Alice-Holt forest oak, full-grown timber, 1st specimen. ... 

2. Dantzic yellow fir......... ..... 

S. Alice-Holt forest oak, full-grown timber, Sd specimen .... 

4. Christiana yeHow fir...................-...-.--— '-- 

5. Archangel ditto ..... . .. — ............. 



lbs. 

482 
396 
857 
S43 
S29 
285 
218 



455 
435 
405 
370 
330 



Strengih of 

a piece one 

foot long, 

and one 

inch square. 



' 



lbs. 

964 
792 
714 
686 
658 
570 
436 



910 
870 
810 
740 
660 



9StS. An account of the specific gravity, strength, and deflection of the several kinds of 
Foreign Fir, as found by Mr. Peter Barlow, by experiments made under his inspection, from 
timber supplied from his Majesty's Yard, at Woolwich, and delivered in evidence before the 
Conmittee on the Timber Trade, by Sir Robert Seppings. 

The pieces tried were eight feet long, two inches square, supported by props seven feet apart, 
and had the weight placed in the middle of each piece. 



Name* of the Woodi. 



American red pine 

New- England fir, or yellow pine 

Riga fir 

Norway spar ................ 



Average 
specific 
gravity. 



.657 
.553 
.753 
.577 



Breaking 
weight. 



lbs. 
511 
420 

422 
655 



Ultimate 
deflection. 



inches. 

5.82 
4.66 
6.00 
4.00 



Strength of 

a piece one 

foot long, 

and one 

inch square. 



lbs. 

447 

367 

369 
573 



£24. The following series of experiments were made by Mr. Greorge Buchanan, Civil Engi- 
neer, of Edinburgh, before the students of the School of Arts of that city. They were made 
with a peculiar apparatus he had constructed for the purpose, on the principle of the hydrostatic 
press. The experiments on timber were made on bars of Memel Atj supported at die ends, 
and the force applied at the middle of the length 
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From the evidtace affofded by his experiments^ Mr. Buchanan is satisfied diat it is unsafe to 
load a beam widi BAore &an half the weight that would break it. Hence, when we say it shoidd 
be loaded with one-fourth of the breaking weight only, the allowance is only double that 
quired f<^ absolute safety. 



De^ription of thr Specimens. 



1. A bar of Memel fir, 2 inches square 

2. Another bar, 2 inches square-. --.... ........ 

3. A bar, 3 inches broad, and 2 inches deep, laid > 

on its side.. •••..... ......'»...........( 

4. Another bar, 3 inches by 2, but laid on its edge 
«5. A bar, 4inches by 2 ......*.......«•..••... 

6. A bar, S inches by 3 ...................... 

7. A bar of cast-iron, 1 inch square ............ 

8. A bar of cast-iron, 2 inches by 1, laid on its side 



IMstEBCC 

between the 
Support!. 



ft. in. 

5 

5 

5 



Weigiitaiat 

broke the 
Specimen. 



5 
5 
5 









2 8 
2 8 



ibt. 

595 

510 

850 

1190 
1037 
1020 
770 
1530 



Weia^t that 
woaU bfCftk 
a piece one 
foot long, 
and one inch 
■quare. 



lbs. 

372 

318 

354 

330 

324 

283 

2053 

2040 



225. We have next to detail an interesting series of experiments made by Mr. George Rennie, 
on bars of cast-iron, in which all the bars had the same area of section, but differently formed ; 
consequently, these experiments show, at once, the advantage to be derived by adopting dififerent 
forms for the sections of beams. 

The bars were supported at the -ends, ^md loaded in the middle, all the bars were cast firom 
the cupola. 

The last column in this, as well as in the preceding tables, we have calculated, and added for 
the purpose of rendering the experiments available in calculation, the mode of doing which we 
have shortly to describe. 



Description of the C^st-lron Bars. 



1. A bar of 1 inch square-........-.....--... 

2. Do. do. »«^.. 

3. Half the above bar 1. 

4. A bar of 1 inch square, the force acting in> 

direction of the diagonal. ..«..-......-.} 

5. Half the above bar, do. 

6. Bar of 2 inches deep by \ inch tliick ; or the > 

depth to the breadth as 4 to 1 .«.......) 

7. Half the above bar, do. 

8. Bar 3 inches deep, by 7 inch thick; or the> 

depth to the breadth as9to 1. S 

9. Half the bar, do .* 

10. Bar 4 inches, by | inch thick; or the depth > 

to the breadth as 16 to 1... — ... ) 



Distance 

of 
Supports. 



ft. iu. 

3 

2 8 

1 4 

a 8 

1 4 

2 6 
1 4 
% 8 
1 4 
Z 8 



Weigbt that 

broke tlw 

piece in Ibi. 



897 
1086 
2820 

851 

1587 

2185 

4508 

3588 

6854 

3979 



Wei^tthatwooU 
break a piece one 
foot long, and one 
inch deep, of the 
wme proportioM 
a* the specimen. 



lbs. 
2691 

2896 
S093 

802 

748 

728 

751 

354 

338 

166 
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Description of the Cast. Iron Bars. 



.* 



Distance 

of 
Supports. 



Weif^bt that 

broke the 
piece in lbs. 



Weight that woaM 
break a pieca one 
foot long, and one 
inch deepy of the 
same proportions 
as the Kpecimen. 



Sectioiia, equilateral trianeles, tried with the angle 

up and down. 

11. Edge or angle up 

12. -^-^ angle down----------------- 

13. Half the first triangular bar, angle up ^... 

14. Half the second triangular bar, anffle down... 

15. A feather-edged, or _L ^^s cast of these di-1 

mensions, viz. 2 inches deep by 2 wide,^ 
tried with the edge up.. ...•--«--•-...) 



ft. in. 



2 8 

2 8 

1 4 

1 4 

2 8 



u. 



1437 

840 

3059 

1656 

3105 



lbs. 



1660 
970 

1770 
960 

1035 



Mx. Remiie remarks on the system of giving depth to the bar, and making it thini that it could 
not be extended much further than the proportion of sixteen parts in depth to one in breadth ; 
but even this must be received with limitation, for it is noticed in Tredgold*s Carpentry, page 32, 
that the increase of depth must depend also on the length of the beam, and a rule is there 
given to fix the best proportion for wooden beams. It will not fail, however, to attract the 
attention of the reader to find that a bar four inches deep, and one-fourth of an inch thick, will 
carry nearly four times as much as a bar of an inch square, though the quantity of material is 
the same in both cases. 

226. The next object of the experiments was to ascertain how far a variation of the form of 
the bar in the direction of its length affected the result ; and it was found that when the bar was 
four inches deep, and one-quarter of an inch thick, and its side a semi-ellipsis, the bearings 
being 2 feet 8 inches apart as before, it broke with 4000 lbs. in the middle ; hence it is evident, 
that, by reducing the outline of the depth, at different i>arts of the length, to the shape of an 
ellipsis, no strength is lost, for the bar of imiform depth broke with 3979 lbs. Another bar 
was formed into a parabolic shape on its lower edge, the section of the bar and the distance of 
the bearings being the same as in the preceding triaL The parabolic bar broke with 3860 lbs. 

227. Other trials were made with bars fixed and^ supported in different ways, and which 
agreed with the results of theoretical calculation, as far as the bars fixed at one end were con- 
<Wk€d I bat Ae bar fixed at both ends, it seemsj wa^ not perfectly secured at the ends, and 
hence we infer that, as no material increase of strength was gained in this way, by the fixing 
adopted in an experimental trial, it is not right to calculate upon much accession of strength by 
such a method in practical cases, when the fixing the ends firmly is a greater difficulty. 



Rules for the Tramverse Strength. 

228. In the preceding tables, the last column shows the weight that would break a beam, or 
bar, one foot long and one inch square, and as the strength9 of rectangular beams are as the 
breadths multiplied into the square of their depths directly, and as the length inversely, we 
have this proportion : 

18. U 
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As the weight that ¥dU break an inch-bar, one foot long. 
Is to the length of the given beam in feet, 
So is any given weight 

To the breadth multiplied into the square of the depth of the beam it would break. 
And one-fourth only of the breaking-weight should be the total load on the beam in practice. 

229. If the load on the beam be distributed over the whole length of it, the effect will be the 
same as if hailf that load were collected in the middle. 



' ' EXAMPLES. 



230. Suppose the floor of a warehouse has to support 4 cwt. on each ^uare foot, and that it 
is to be supported by girders 16 feet long, and 8 feet aparf^ from middle to middle, what must 
be the size of the girders of Memel fir ? 

The area supported by each girder is 16 x 8 sz 128 feet, and it is to be loaded with 4 cwt. or 
448 lbs. on each square foot ; therefore, the total load is— 

128 
448 



1024 
512 
612 

57344 lbs. 



The stress at the middle will be the same as if half that weight were collected there, tliat 
18 equal to 

2)57344 

28672 lbs. 

The weight that will break an inch piece, one foot long, of Memel fir, is about SSO Ibft ^ 
therefore, by the rule, 

330 : 16 :: 28672 : 1390 s the breadth multiidied into the 

16 square of the depth. 

172032 
28672 



330 



€3,0)45875,2 
(11)15292 
1390 
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The above would give the sixe of the beam that would break with the weight ; and four times 
the sum, or 4 x lS90ss5560 is the product that would arise from multiplying the breadth into 
the square of the depth for a beam to support that weight. . If we say the depth must be 17 
inches, then 5560 divided by the square of 17, will be the breadth : thus, 

17 
17 



119 
17 



289) 5560 (19 inches the breadth. 
S89 



2670 
2601 

..69 



From this calculation it appears, that a beam, 17 inches deep, and 19 inches in breadth, would 
be sufficient for the purpose ; but any other depth may be fixed upon, and the breadth found in 
the same manner. 

SSL Example 8. — Let it be required to find the weight a beam of oak will break with 
when applied at the middle of its length, the length of the beam between the supports being 
14 feet, its breadth 6 inches, and its depth 10 inches. 

The square of the depth is 10 x 10 = 100 
And the breadth 6 

600 



The second specimen of Alice-Holt Forest oak broke with 810 lbs. ; therefore, reversing the 
order of the rule, we have this proportion — as the length : weight that broke the specimen : : 
breadth moltlpHed by the square of the depth : weight that would break the beam ; that is, 

14 feet : 810 lbs. :: 600 : 34714 lbs. the ^nw^. 

600 



2)486000 
14 

'7)243000 

84714 



C7 



In cases of this kind, the firactions may always be neglected ; it is quite sufficient to determine 
within a few poimds of the weight for any practical case ; to attempt minute accuracy is mere 
affi^station, since it will be seen diat no two specimens were of the same strength exactly, though 
very nearly so. 

232. Example 3. — Let it be required to detemune the weight that would break a beam of 
cast-iron, the length between the supports being 26 feet, the breadth 1 inch, and the depth 18 
inches, the weight being applied at the middle. 
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The square of the depth is 18 x lS=:82if. And, by Mr. Bnduman's expenmento, a speci- 
men, 1 foot long, breaks with S053 lbs. ; therefore, 

26 : 2053 : : 324 : 25583 lbs. the Answer. 
S24 



8212 
4106 
6159 



26) 665172 (25583 lbs. 

I I 1^ 



The weight it might be loaded with in the middle, in practicej would be one-fourth of this 

weight, or— 

4) 25583 

6396 lbs. 



But if the load were distributed over the length, in an imiform manner, it would bear twice 
much, with safety, or 1279Slbs. 

Such a piece of cast-iron is sometimes put between two pieces of timber for a prdet ; lienoe» 
from the latter number, we can easily find what distance the girders should be apart to h%, per- 
fectly safe. It has been shown in '^ Tredgold's Essay on the Strength of Iron,** that the grainiest 
probable load on a floor, including its own weight, is 160 lbs. per square foot; and the width is 
26 feet, hence 26 x 160 s: 4160 lbs. for the greatest stress on each foot in length of the flaor $ 

therefore — 

416,0) 1279,2 (3 feet, the distance apart. 

1248 



31 



If the iron part of the girder were two inches thick, the distance apart might be six feet» or 
twice as much; and, with three inches thick, they might be nine £eet apart. 

We have seen very serious mistakes committed in making cast-iron girders too weak, which a 
very little calculation would have prevented. 

233. When beams are formed perfectly similar to the Specimens in the Table, ArL 225, the 
strength will be as the cube of the depth. Thus, a feather-edged bar, of the proportions de- 
scribed in No. 15 of that Table, may be found to support a given weight. Let the weight to be 
supported be 25583 lbs., and the length between the supports 26 feet, then taking the number 
1035 from the Table, we have — 

1035 : 26 : : 25583 : 64@ ;= the cube of the depth ; and the 

26 



•i 



153498 
51166 



v1 



1035) 665158 (64« 

■ -■ I . . • t . 

cube-root bf 642 is nearly 8| inches for the depth of ^ bar; mA its base should be of the same 
breadth as the depth. 
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Of the Stiffness of Beams. 

SSIw Sdffifiessi or the power of resisting flexure, is measured by the force required to produce 
a given minute change. of form. For beams similarly fixed, it is directly proportional to the 
breadth and the cube of die depth, and inversely, to the cube of the length. Thus, a be&m, or 
bar» two yards long, .will be equally stiff <with a beam one yard, provided that it be either twice 
as deep, or eight times as broad. If the ends of a beam can be firmly fixed, by continuing them 
to a Sufficient distanee^ and keeping them down by a proper pressure, the stiffness will be nearly 
four times as great as if the ends were simply supported. A hollow substance, of given weight 
and kngdi, has its sti£Baess nearly proportional to die square of the diameter : and hence arises 
the great utility of tubes when stiflSiess is required ; this property being still more increased by 
the expansion of the substance than the .ultimate strength. It is obvious, that there are a mul- 
tiplicity of cases in Carpentry where stiffness is of more importance than any other property ; 
since ^die utility as well as beauty of the fabric might often be destroyed % too great a flexibility 
of the materials. 

Komerous experiments have been made on the force necessary to bend a beam a given quan- 
tity, and firom these we propose to select sufficient to obtain the proportion for each species of 
wood in use. 

S35. The following experiments on the force required to bend bars of different kinds of wood 
half an inch in the middle, when the bars were supported at the ends, in a horizontal position, 
on supports two £^t apart, we have selected from the Minutes of Evidence before a Committee 
of the House of Commons, oh the Timber Trade, page S2. These trials were made on the 
same specimens as we have already given the breaking weight for, in Art. 22S. The evidence 
was given by Mr. John White, but it appears that the experiments were made by Mr. Tredgold. 



Description of Specimens. 



1. English oak, firom King*s Langley .... 

2. Yefiow fir, firom Longsound, in Norway 

3. Riga oak (wainscot).*.. ............ 

.4*. Christiana white spruce ..-•-•-•---.. 

5. American pine, firom Quebec. ........ 

Or.' Mliite spmcie fir, firom Quebec. ..*«.. 

7. English oak, .firom Godalming •^..•..; 



Bent half 
an inch in 
thA middle y 

by 



lbs. 

«S7 

£61 

283 

2G\ 

9St 

180 

103 



Weight that 
would bend a 
piece one foot 
long and one 
'inch s^nam 
one-fortieth of 
an inch. 



lbs. 

94 

104 

93 
104 
94 
7« 
41 



f! 
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236. The following experiments, by Mr. Buchanan, on the stifihess of bars of Memel fir and 
of cast-iron are important. The specimens were supported at the ends and loaded in the middle ; 
and the effect of a successive increase of weight is shovm. 











Weight that 










would bend • 


Dearription of the Specimens, and Remarks on the 
effects observed ou removing the Weights. 


Distance of 

supports 

iu feet. 


Qunttty tlie 

bar bent in 

iDclm. 


Weight that 
bait it, 
in lb*. 


piece one foot 

lonr and one 

inch aquar. 

«ne-forti«tl^ 

of an. inch. 




feet in. 




Ibfc 


Iba. 


I. A bar, finches square, of Memel fir 


5 


Iinch 


170 


66 


Returned straight.... 
Set with a bend of ith 


.... 


1 


357 




.... 


1* 


44« 








1^ 


510 








broke 


595 




2. Another bar, 2 inches square, of do. 


5 


iinch 


170 


66 


« Returned straight .... 
Set with a bend of ith 


.... 


1 


344 




«... 


H 


450 








broke 


510 




3. A bar of do., 2 inches in depth and T 
3 inches inbreadth........... 3 


5 


Iinch 
1 


255 

527 


68 


• 




began to) 
crack ) 
broke 


680 
850 




4. Another bar of do., 3 inches deep 7 
and 2 inches in breadth •.«.... 3 


5 


Iinch 


357 


41 


Returned straight.... 
Set with a bend of i^th 


.... 


1 


723 




.... 


If 


1045 








2 inches, 7 
& broke 5 


1190 




5. A bar of do., 2 inches deep and ) 
4 inches broad ......) 


6 


iinch 

1 

1 1 inch, ■) 
& broke j 


840 

654 

1037 


66 


6. A bar of cast-uron 1 inch square — . 


2 8 


i inch 


357 


677 


Set with a bend of T^^th 


.... 


1 
broke 


765 
770 




7. A bar of cast-iron, 2 inches in 7 
breadth and 1 inch in depth.... ( 


2 8 


Iinch 


714 


677 


Set with a bend of y^th 


.... 


i 


1062 








broke 


1530 





S37. In carpenters* work it is obvious that a long beam may have a greater degiee of 
bending than a short one, and yet be as fit for its purpose ; hence, if we allow the quantity of 
bending of a beam in its place to be proportional to its length, the absolute stiffiiess- being as 
the cube of the length, the comparative stiffiiess will be as the square of the length ; and the 
last column in each of the preceding Tables shows tne stiffiiess of a bar one foot long and 
one inch square, from whence that of any other sized beam may be obtained by proportion, 
as follows : 



1 
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■ 

As the square of the length, in feet. 
Is to the weight suj^rted by the inch bar, one fix>t long. 
So is the breadth multiplied into the cube of the depth 
To the weight the beam should support. 

238. In this proportion, the load or weight is supposed to be applied in the middle ; but, if 
it be distributed regularly over the beam, eight-fifths of the weight found by the proportion 
would be sustained with an equal degree of bending. 



EXAMPLES. 



239. Example 1. — ^Required the weight a beam of Memel fir will support in the middle, 
without bending more than one-fortieth of an incH for each foot in length, its length being 10 
fiset, and its depth 9 inches, and breadth 4| inches. 

The square of the length is 10 x 10= 100; 

The cube of the depth multiplied mto the breadth is 9 x 9 x 9 x 4|=:3282| ; 

And, by the table, the weight supported by an inch bar, is 66 lbs. 

Therefore, 100 : 66 : : 3282{ : 2166 lbs. the Answer. 

66 



19695 
19695 



1,00) 2166,45 ( 






If the weight had been to be uniformly distributed over the length, then it should have been 
divided by 6, and multiplied by 8 ; thus, 

■ 

5)2166 



453 

8 



3464 lbs. — the weight that might be distributed. 



240. Example 2.— If the distance between the supports of a bressummer of Memel fir be 
12 feet, and that five-eighths of the weight of the waQ and floors it has to support be found to 
be 9600 lbs., and its breadth 14 inches, it is required to find its depth, so that the bending 
may not exceed the quantity stated in the rule. 



flO PIUCnCAIi CARPUfTST* 

The weight an inch bar would support by thie tii^e, :i« 6Glbs» 
The square of the length is 12x ISm 144; therefoH^ . . . 



66 : 144 :: 9600 :- 1496 atiieeube of the depth. 
9600 



S6400 
1S96 



(6) 1382400 

66^ 

(11)230400 

2)2094)5 
Breadth 14 ' 

t0472 






'.» 



1496 



The cube root of 1496 is nearly 11| inches, the depth required. 

These examples will^ pethaps, be sufficient ^ diredb the tea4er how to apply ^ 'rules to 
some of the most important cases in practice ; but, if he wishes for further information^ he will 
find various examples and tables ready calculated in Tredgold's Elementary Prindplee of 
Carpentry. 

For the ordinary purposes of building, it is not necessary to calculate the bending of beams 
of cast-iron, provided they be not loaded with more than one-fourth of the breaking weight; 
but it may be useful to know, that the rule for strength will produce the same result as the 
rule for stifihess, when the length of a cast-iron beam in feet, is four-thirds of the depth in 
inches; and this is a very good proportion for the d(^t>th. If the depth be less than in this 
proportion, a cast-iron beam will bend more than hklf an inch in a length of 20 feet; and, if 
the depth be greater, it will bend less, and must have its proportions fixed by the rules for 
strength* 

In oak and fir, the reverse happens ; for, unless the depth in inches be aboiit doulile the 
length in feet, the bending is always greater than the proportion assigned in the rul^ for the 
stifBiess of beams. 
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CHAPTER I. 



INTRODUCTibN. 

1. tloiNERY is the art of uniting and framing wood, lor the internal and external finishing 
of buildings. In Joinery, therefore, it is requisite that all the parts should be much more 
nicely adjusted to each other than in Carpentry, and all the surfaces which are to be exhibited to 
ttie 0ye should be made perfecdy smooth. 

S. In early times, says the author of an article on this subject in the Encyehpadia Bri- 
tanmcaf yery little that resembles modem joinery was known ; every part was rude, and joined 
m the most artless manner. The first dawmngs of *th£l art appeared in the thrones, stalls, pul- 
pits, and screens, of our Gothic cathedrals and churches ; and even in these, it is of the most 
simple kind, and is indebted to the carving for every thing that is worthy of regard. Whether, 
m these ages, the carver and the joiner had been one and the same person, we cannot now 
determine, though we imagine, from the mode of joining in some of them, that this was the 

case. 

During several centuries joinery seems to have been gradually improving, but notliing appears 
to have been written on the art before 1677, when Mr. Joseph Moxon, a Fellow of the Royal 
Society, published a work, entitled * Mechanic Exercises, or the Doctrine of Handy -works. ^ 
In this work the tools and common operations in joinery are described, with a collection of 
the terms then in use. It must have been a valuable work at that time, but to one who could 
previously work in the art it would convey little, if any thing, that was new. Sash-windows, 
were introduced into England some time before the date of Moxon's work, but he has not 
noticed them. According to the observations of Dr. Thomson, this important improvement has 
not yet found its way into Sweden.— (TVo&eb in Sweden^ p.. 8.) 

About the beginning of the last century, several works on Joinary, of a most interesting 
description, made their appearance ; and forms b^gan to be introduced in arehitecture, which 
could not be executed at a moderate expense withoil the aid of new principles^ and these priuT 
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82 PRACTICAL JOINERY. ^H^^^H 

ciples were discovered and published by practical joiners. As might naturally be expected, 
these authors had but confused notions, owing chiefly to their want of sufficient geometrical 
knowledge ; and, accordingly, their methods are oflen obscurely described, and they are some- 
times quite erroneous. 

The hand-rails of st^rs offered many difficulties, and an imperfect attempt to remove them 
was first made by William Hallpenny, in his Art of Sottnd ButUUng, which was published 
in 1725, Francis Price, the author of the British Carpenter, published in 1733, was more 
successful, and hb remarks show a considerable degree of knowledge of the true nature and 
object of his researches. The publication of Price's work, of which we have seen five editions, 
must have produced a considerable sensation among the joiners of that period, for it was soon 
followed by many other works of difffl^nt degrees of merit. Of these, the works of Batty 
Langley, and Pain's works, were the most popular. 

The establishment of the principles of Joinery in this country, on the sound basis of geome- 
trical science, was, however, reserved for Nicholson. In his Carpenter's Guide, and Carpen- 
ter's and Joiner's Assistant, published in 1793, he made some most valuable corrections and 
additions to the labours of his predecessors. 

3. Corresponding improvements were abo made ia the practice of joinery, for which we are 
much indebted to the late Mr. James Wyatt, and the other branches of his &mily. That cele- 
brated architect kept together some of the best workmen in London, and these were looked up 
to with a degree of emulation, by young men, which had a most beneficial effect on the progress • 
of joinery. But the art is sllll far short of perfection. We conceive that many of those 
operations, on which the soundness of work chiefly depends, might be done with greater exact- 
ness, and less labour, by improving the tools used for these purposes, or by the invention of 
new methods of performing such operations. 

4. The true geometrical principles of joinery were published in France at a much earlier 
period than in England, and by a very different class of writers. The extensive work of Fre- 
zier, entitled CoupS des Pierres et des Bois, in 3 vols. 4to. 1739, contains all the leading prin- 
ciples of the art, and explained with tedious minuteness ; offering a striking contrast to the 
brevity of our Knglish authors. Tlie first elementary work on that part of geometrical science, 
wliich contains the principles of joinery, appeared in France, in 1795, from the pen of the cele- 
brated Gaspard Monge, who gave it the name of Giomelrie Descriptive. Much of what has 
been given as new in English works, had been long known on the Contbent ; but there does not 
appear to have been much, if any, assistance derived from these foreign works by any writer 
prior to Nicholson. 

Rondelet's Treatise on the Art of Building, {VArt de Bdlir,) published m 1814, contains 
a very good treatise on Joinery ; but the latest French work we have seen on the subject is that 
of Kraffi, published in 1820, in large folio, and in three languages. The English part very 
imperfect, and the whole work full of pretension which it never realizes, Rondelet's is de- 
cidedly the best French work on the subject we have seen ; but it is not at all adapted to the 
state of joinery in England. In practice, the French joiners are very much inferior to our own. 
Their work is rough, slovenly, and often clumsy; and, at the best, is confined to external effect. 
The neatness, soundness, and accuracy, which are common to every part of the works of an 
English joiner, are scarcely to be found in any part of the works of a French one. Tlie little 
correspondence, in point of excellence, between their theory and practice, leads us to think that 
their theoretical knowledge is confined to architects and engineers, instead of being t 
among workmen as it is in this country. 
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Definitions. 

5. The wood employed in Joinery is in the state of Boards, Planks, and Battens ; thus 
distinguished according to their hreadths : Battens are from two to seven inches wide ; boards, . 
from seven to nine inches ; and planks, from nine inches to any indefinite breadth. 

The OPERATIONS of JoiNEiiY consist in making sur&ces of various fonns ; also of CROOvnw, 

aeBATlND, UOfJLDINO, MORTISING, and TENONING. 

6. Surfaces, in Joinery, may be either plane or curved ; but they are most fi^uently plane. 
Every kind of surface is first fonned in the rough, and then finished by means of various appro- 
priate tools. 

7. Grooving and rebating consist in taking or abstracting a part which is' every where of a 
rectangular section. A rebate is fonned close to the edge of a piece ; and a groove, at some 
distance from the edge. 

8. A mortise is a cavity fonned within the surface, for the purpose of receiving the end of 
a piece of timber, to be joined at a given angle. The end, which must be very nicely fitted 
into the mortise, in order to make the two pieces as strong as possible, is called a tenon. As 
the sides of the mortise are generally perpendicular to the sides of the piece, and at some 
distance from the sides of the piece in which the mortise is, a tenon is generally stopped by 
projecting sides, which are closely fitted upon the side of the piece of wood in which the mor- 
tise is made ; and the parallel faces of botli are made flush, and so closely united, as to appear 

lost like one single piece. That part of the surface of the piece which has the tenon, which 
imes in contact with the surface of the piece in which the mortise is made, is called the 
shoulder of the tenon. 

9. Frames are joined together, so as most frequently to form a rectangle, with one, two, or 
more, rectangular openings : these openings are closed with thin boards, fitted into grooves in 
the interior edges of the frame, called Pannels. In ornamental work, the edges of the frame 
next to the pannels, are moulded. The two outer vertical pieces of the frame, are denominated 
the stiles; all the cross-pieces are denominated rails; and the vertical pieces, that separate' 
the pannels, mountings; or, in Gothic work, hullions, 

10. Planks and boards are joined together by planing the edges straight ^and square, and 
rubbing them together with hot glue until the glue has been almost forced out of the joint ; 
&en the ends and the proper faces being brought to their places, the rubbing is stopped, and, 
irhen the glue is quite dry, the two hoards thus fixed will be almost as strong as one en- 
tire board. 

11. Mouldings have several names, according to their forms, connection, situation, or size. 
^Iien the edge of a thin sUp of wood is semi-circular, it is said to be rounded. Figure 2, 
2*l<ite XJ/III, represents the section of a piece rounded on the edge. 

When a semi-cylinder is formed on the edge of a piece of wood, within both surfaces, so 
that the diameter may be parallel to one side, this semi-cylinder is called a Bead; and the 
recess, between the surface of the cylinder and the sohd wood upon the side, which is parallel 
to its diameter, is denominated a Quirk; and the whole part thus formed is called a Bead 
and Quirk. ■• 

Figure 3, plate XLIIJ, is the section of a piece of wood, where a bead and quirk is run on 
the edge. 

12. A Bead and double Quirk is when a three-quarter cylinder is formed on the edge, so 
that the surface of the cyhnder may touch each adjoining face. 
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Figure 4 ejthibits the secdon of a bead and double quirk. 

13. A Torus-moulding consists of a semi-cylinder, and two rectangular surfaces, one 
pendlculor to the diameter, and tbo other in the diameter produced. 

Figure 5 is a torus-moulding : the small rectangular surface in the plane of the diamel 
denominated a Fillet. 

Figure G exhibits the section of a doubde Toai/s. 

14. A Flute is the concave surface of the sectJon of a cylinder or cyltndroid, depressed 
within the surface of a piece of wood. 

Figure 7 exhibits the section of a piece of wood with ibxee Jluiei on it. 

15. >Vhen a piece of wood is formed into two or more semi-cylinders, touching each ol 
the semi-cylinders are called Rbeds, and the piece of wood is said to he revded. 

Figure 8 exhibits tlie section of a piece of wood with four reeds wrought upon iu 

16. Figure 9 is the section of a moulding denominated an Otolo or QuAarEa Kouud. 
consists of the fourth part of the convex surface of a cylinder. 

n. Figure 10 is the section of a monlding called a C\vbtto, or hoUow, consisting of tfi? 
fourth part of the concave surface of a cylinder. 

18. Figure 1 1 is the section of a CvMA-RECTAt consisting of a round and hollow joined 
together by one common tangent plane; the one part of the surface being concave, and the 
other convex. 

This curve may be drawn when the parts are composed of parts of circles, by joining the 
extremities a and c of the moulding: bisect ac in the point b, and draw de parallel to the 
longitudinal diret.-tiun of tlte moulding} make ad and ce perpendicular to de\ from d, with the 
radius (/a, describe the arc ab; from e, whh the radius cf, describe the arc icj and a Ac is 
moulding required. 

But architects, most esteemed for their good taste, never draw the forms of mouldings 
these mechanical methods ; they always make them of the most beautiful figures they can by 
hand; and, like the ancient Greek architects, they avoid circles for mouldings, inconsequence 
of their want of variety, both of outline and of light and shade. Hence, though we give the 
usual mechanical metliods, they arc not here recommended to be used in practice. 

Figure i2 ia abo the section of a cyma-recta, of which the concave and convex parts 
equal portions of a circle, but each portion leas than the quarter. 

To draw this curve, join the extremities a and b, and bisect a& in c : from a, with the radius 
ac, describe an arc ee; and from b, with the radius be; describe an arc, cd; from c, with the 
radius ca, describe an arc, ae, as also the arc bd. With the same radius, from the centre e, 
describe the arc ac ; and with the same radius, from the centre d, describe the arc cb\ then 
"acbis the curve, which is the section of the surface of the moulding. 

19. Figure 13 is the section of an ogee moulding, sometimes called a Cyha-hsverba : 
moulding is of the same form as the cyraar-recta, except that the concave portion of 
moulding of the one is where it is convex in the other. 

20. Figure 14 is the section of a moulding called a Scape, wltidi is composed of the qua: 
uf the circ\unference of a cylinder, and a plane surface, which is a tangent to tlie cylindric sur* 
face, in the hne of their meeting. 

21. Figure 15, part of the section of an ovoh with three fillets, which, when circular, or 
encompassing a column, are called Annulets. 

Figure 16 is the section of a moulding denominaUd a QumKED Ovolo. This may be dran 
thus: Suppose it were required to touch the Une de at the jwint rf: draw dg perpendicular 
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de\ describe the circle bci ; make df equal to the radius of the circle bci, and join a/. Bisect 
af by a perpendicular, gh, meeting a fin /i; then, with the radius dg, describe the aicdb: 
db c will then be the ovolo required. 

92. Figure 17 is the section of a concave moulding called a Scotia. To form this moulding, 
describe the circle dabf and draw cd perpendicular to the fillet. Make eg equal to the radius 
of the circle to be described, and let e be the centre of that circle: join ge, and bisect ge hy 
the perpendicular df: from d, with the radius dc, describe the arc c6, and eba will be the 
acotia required. 

23. Figure 18 represents the section of a piece of wood when it is said to be rebated. 
Figure 19, the section of a piece of wood said to be grooved. Figure 20, the sections of two 
pieces grooved and tongued together : where No. 1 shows the tongue, and No. 2 the groove, 
and these are so adapted to each other that they may be joined closely together. This method 
is used where it is required to join many boards together, so as to have the effect of one board, 
and prevent wind or air from coming through the joints between every two boards, without the 
risk of splitting, which would take place if the boards were glued together. 

Figure 21 represents the section of a piece of wood said to be rebated and beaded. 



FRAMING ANGLES. 

24. When the length of a joint at an angle is not considerable, it is sufficient to cut the joint, 
so that when the parts are joined, the plane of the joint shall bisect the angle. This kind of 
joint is called a plain mitre, and is shown for different angles by fg. 1, plate XLIF, 

25. Wiien an angle of considerable length is to be joined, and the kind of work does not 
require that the joining should be concealed, fg. 2 is often employed; the small bead renders 
the appearance of the joint less objectionable, because any irregularities, from shrinkage, are 
not seen in the shade of the quirk of the bead. 

A bead upon an angle, where the nature of the thing does not determine it to be an arris, is 
attended with many advantages ; it is less liable to be injured, and admits of a secure joint, 
without the appearance of one. Fig. 3 shows a joint of this description. It is the method 
usually adopted for joining linings together at external angles. 

26. Figure 4 represents a very good joint for an exterior angle, whether it be a long joint or 
a short one. It is employed for mitring dado together at external angles. The joint represented 
by Jig. 5 is esteemed superior to it for long joints in the direction of the grain of the pieces, 
the parts being drawn together by the form of the joint itself, they can be fitted with more 
accuracy, and joined with more certainty. The angles of pilasters are often joined as infig» & 

27. Interior angles are commonly joined as shown by Jig. 6. If the upper or lower edge be 
visible, the joint is mitred, as injig. 1, at the visible edge only; the other parts of the joint being 
grooved, as infg. 6. 

In this manner are put together the skirting and dado at the interior angles of rooms, and the 
backs, and back-linings of windows, the jambs of door-ways, and various other parts of 
joiners* work. 

Figure 7 shows the variation of this method which is used in rougher work, such as joining 
the angles of troughs, and the like. It is better adapted for a water-tight joint than one with a 
smaller groove. 
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38. Figure 8 repreamtB an angle joined by common dovetails ; the part AB represents the 
pinsj and CD the dovetails. 

29. Figure 9 shows the species called lap dove4ailing, in which the dovetails are concealed ; 
it is used for portable desks^ drawer-fronts^ and other purposes. Figure 10 is another species of 
concealed dove-tailingi called miire dove-taiUngy the joint resembling a plain mitred joint. Tear 
chests^ work-boxes, and any kind of work requiring much neatness, is joined in this manner 
when it is not to be veneered. 

SO. Figure 11 shows the mode of joining a mitre-joint with keys: picture-frames and light 
bpxes are frequently put togedier by this method. 

The figures 8, 9, 10, 1 1, are draim according to the mode of projection lately invented by 
Professor Parish, of Cambridge, and which he has so successfiiDy apfJEled to drawings of machi* 
nery. He calls it Isometrical Perspective, but it would be more correct to call it Isometrical 
Projection. In our treatise on PaAoricAL Architecture, which wiU form a volume similar tp 
this, we propose to give a fiill account of Professor Parish's method. 



PRINCIPLES OF FRAMING. 



31. The goodness of Joiners' work depends chiefly upon the care that has been bestowed in 
joining the materials. In Carpentry, framing owes its strength to the form and position of its 
7>arts ; but, in joinery, the strength of a frame usually depends wholly upon the strength of the 
joinings. The importance, therefore, of forming the joints properly, and fitting them together 
as accurately as possible, is obvious. Hence it is that we expect such accurate workmanship 
from a good joiner ; and he not only should be able to connect his materials with truth and 
firmness, but also be able to make surfaces perfectly even and smooth, mouldings true and 
regular, and the parts intended to move, so that they may be used with ease and freedom. 

32. Frames, in joinery, are usually connected by mortise and tenon joints, with gnnives to 
receive pannels. Doors, window-shutters, &c. are framed in this manner. The object in 
framing is, to reduce the wood into narrow pieces, so that the work may not be sensibly aflfected 
by its shrinkage ; and, at the same time, it enables us to vary the surface without the labour of 
cutting out for the depressed parts. From this view of the subject, the joiner will readily per- 
ceive that neither the parts of the frame nor the pannels should be wide. And, as the frame 
should be composed of narrow pieces, it follows that the pannels should not be very long, other- 
wise the frame will want strength. The pannels of framing should never be more than aboat 
fifteen inches wide, nor more than four feet long, and pannels so large as this should be avoided 
as much as possible. The width of the framing is commonly about one-third of the width of 
the pannel. 

33. It is of the utmost importance in good framing, that the tenons and mortises should be 
truly made. After a mortise has been made with the mortise-chisel, it should be rendered per- 
fectly even with a float ; — an instrument which differs from a single cut, or float-ffle, only by 
having larger teeth, capable of being sharpened like a saw. An inexperienced workman often 
makes his work fit too tight in one place, and too easy in another; hence a mortise is often par- 
tially split in first driving the parts together, and the work is never afterwards firm ; whereas, if 
the tenon fill the mortise equally in consequence of every part being accurately formed^ the 
work will go together without using any considerable force in driving, and will be found to be 
firm and sound. 
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8/k The thicknefls of tenons should be about one-lburth of that of the framing, and the 
width of a tenon should never exceed about five times its thickness, otherwise in wedging, the 
tenon will become bent, and bulge out the sides of the mortise ; therefore, if a rail be wide, two 
mortises should be made with a space of solid wood between. Fig, 1, plate XLV, shows the 
tenons for a wide rail. 

t ' S& In very thick fran^g, the strength and firmness of the joint is much increased by putting 
a cross or feather-tongue in the shoulder on each side of the t^ion ; these tongues are about an 
inch in length, and are easily inserted by means of a plough adapted for such purposes. The 
projected sketch (Jig» ^•) shows a joint with these tongues put in, the stile having grooves 
ploughed to receive them. Sometimes, in thick framing, a double tepon in the thickness is 
made, but we give the preference to a single one, when tongues are put in the shoulders, as we 
have described ; because a strong tenon b better than two weak ones, and there is less difficulty 
in fitting one than two. 

S6. The pannels of framing should be made to fill ike grooves, so as not to rattle, and yet 
not so tight as to prevent the pannels from shrinking ; for then there is much risk of their 
splitting. And where pannels are wide, and their thickness will allow of it, they should be 
glued up with feaihei^ongues in the joints, as represented in fig. 3. 

37. When the edge of a frame next the pannel is moulded, there are two modes of making 
the joint at the moulding ; the one called Scribing^ and the other Mitring. 

88. In scribing, di^ shoulder of the rail is cut to fit the moulding upon the stile as fitr as is 
deemed necessary. But it will be obvious that only some kinds of mouldings can be scribed 
together ; where, however, the inoulding will admit of it, scribing is the b^9t method. To 
illustrate this mode of joining, fig. 4, plate XLV, represents the section of a stile with a rail 
scribed to fit the moulding. Fig. 6 shows the side of the frame. If the moulding, on the rail, 
be cut to a true mitre for the angle, as a 6, and the portion be cut out neatly to the line where 
the plane of the mitre intersects the moulding, the recess so cut out will exactly fit the moulding 
on (jpr stile. Scribed joints are also frequently used in fixing mouldings. 

39. Jointly which caxuiot be scribed, are mitred, as represented in fig. 6 ; and, where a joint 
idpiits of both methods, they are sometimes both employed in the same joint. 

40. When the mouldings of a frame project before the stiles and rails, it is sometimes found 
necessary to firame the mouldings round the pannels, and afterwards to fit the compartments of 
mouldings and pannels within the framing. In fig. 7, we have shown this method for Qpthic 
framing having tracery ; and, in fig. 8, its application to another case. The mouldings are 
grooved to fit tongues on the stiles and rails. The French m^ke great use of this mode of 
obtaining depth for their mouldings. 

In fig. 7, A is the pannel, B the moulding, C a mullion of the tracery, and D a stile or rail 
of the frame. In fig. 8, A is the pannel, B the moulding, and D the stile. 

41. Where curved parts, or curved parts and straight ones have to be coimected in a frame, 
10 as to pi^eserve a continuous line, the parts are either joined by bolts and nuts, by mortises and 
piosy ox by keys. We propose to show an example of each of these methods in joining the 
parts of a Gothic window-frame. Figure 1, plate XLVI\ shows part of the frame with the 
pl(l9, at the jcMUOt of the muIlioi\, A, and the jamb, B. The outer and inner parts of the frame 
Vf aisuafly siade in separate pieces, and tongued together. The arches which spring from the 
mullion may be screwed together, as shown by the dotted lines ; the screw having two nuts with 
wiMibers to tb^sa, and the nuts are inserted by mortices in the same manner as in bed-<screws ; a 
feather-tongue inserted in the joint prevents it being displaced. The joint at the top is 
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usuaUy done in the same manner, but sometimes it is put together with a wooden key, tightened 
by wedges, as shown in the figure. The plan of the upper side of the joint is shown by fig. 2; 
and fig. 3 shows the section through the joint. 

One mode of joining at the springing is shown hyfig. 4; and another hyfig. 6. 

42. When thick planks are to be framed together, it is usual to mortise the opposite parts of 
the joint, and insert tenons ; such tenons are generally termed keys. Fig, 6,plaie XLVI, shows 
this mode of framing. A tongue is sometimes grooved into the joint. A and B show the 
sections of the parts to be joined. 

43. Where both the surfaces are to be plain, and the width is considerable, boards are kept 
straight by clamping. A piece framed across at the end being called a clamp. The edge of 
the clamp is grooved to fit a tongue on the end of the board, and a tenon in the middle of the 
clamp, by which it is secured, at the middle only, by glue and wedges, this is the best mode of 
clamping ; for then the board may expand and shrink without splitting. But frequently clamps 
are tenoned all along, and mitred at the angles, as shown in fig. 7 ; when this is done, the wood 
should be well seasoned. 



GLUEING UP WORK. 



44. It is seldom possible to procure boards sufficiently wide for pamiels without a joint, on 
account of heart-shakes, which open in drying ; and, in cutting out pannels for good work, 
shaken wood should be carefully avoided. That part near the pith or centre of the tree is 
generally most defective. If the pannels be thick enough to admit of a feather-tongue in the 
joint, it is desirable that one should be inserted; for then, if the joint should fail, the surfaces 
will be kept even, and light be prevented fi*om passing through the joint. 

45. Sometimes plane surfaces, of considerable width and length, are introduced in joiner's 
work, as in dado, window-backs, j amblings, &c. Such surfaces are commonly formed of issm, or 
inch-and-quarter boards, joined with glue, and a cross or feather-tongue ploughed into each 
joint. When the boards are glued together, and have become dry, tapering pieces of wood, 
called keys, are grooved in across the back of the boards with a dove-tailed groove. These 
keys preserve the surface straight, and yet allow it to shrink and expand with the changes of 
the weather. Fig. 1, plate XLVII^ shows the mode of inserting a key of this kind. AB is 
the section, DC the keyed-side, and EF a section through the key. Keys of this kind are in- 
serted at about two feet, or three feet, apart ; or, where only one is required, in the middle of 
the length. 

46. In glueing up plane curved surfaces of greater length than the pieces of which Aey are 
formed, sometimes the joints are plain square ones; sometimes oblique, as in fig. 2; and not 
unfrequently of very complicated forms, as in^^. 3. We prefer an oblique joint, as in fig. 2. 

Where sur&ces of double-curvature, or curved both ways, are to be formed, the object is 
attained sometimes by projecting the parts one over another so as to produce the intended 
form, as in fig. 4. But in this plan there is both much waste of material and a great deal of 
labour, whether the surplus parts be removed before or after being glued together. The best 
method is to saw out the parts to be glued together to their proper form at once, and then glue 
them up. Fig. 5 shows the pieces together, when done by this method. 

47. Our task would be endless, were we to attempt to describe all the methods that have 
been employed to glue up bodies of such varied forms as occur in joinery ; and every joiner 
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METHODS OF TAKING DIMENSIONS AND SETTING OUT WORK. 89 

forms methods of his own, and, merely from his being most familiar with his own processes, he 
wiDi following his own methods, do his work in a better manner than by strange ones, even if to 
an miprejudiced mind the methods he followed were evidently inferior. 

The end and aim of a joiner/ in all these operations, is to avoid the peculiar imperfections 
and disadvantages of his materials, and to do this at the least expense of time and wood. The 
straightness of the fibres of wood renders it mifit for curved surfaces, at least, when the cur- 
vature is considerable. Hence, short pieces are glued together as nearly in the form desired as 
can be, and the apparent surfaces are covered with thin veneers ; or the work is glued up in 
pieces that are thin enough to bend to the required form. Sometimes a thin piece of wood is 
bent to the proposed form, upon a saddle or solid cylinder; and blocks are j6inted, and glued' 
upon the back ; the whole is then allowed to become completely dry, and it vrill preserve the 
form that has been given to it by the saddle. But, when a piece of work is glued up in parts, 
it should be extremely well done ; and, not as frequentiy happens with die joints black and 
irregular, and springing open in places. The difficulty of doing work of this kind weU, has led 
to the trial of a variety of other methods. 

48. If a piece of wood be boiled in water for a certdn time, then taken out, and bent while 
hot into the proposed form, and it be retained in that form by screws or wedges till it be per- 
fectiy dry, it is found to preserve nearly the same figure that has been given to it. The quan- 
tity it springs back, when relieved, is not easily allowed for ; and it is equally uncertain how 
long it may continue to return towards its natural straightness. 

49. The same effect may be produced by steaming, as by boiling wood ; and, indeed, more 
effectively. Both methods have been long practised, to a considerable extent, in the art of 
ship-building ; but we are not aware that any general principles have yet been discovered either 
by experiment or otherwise, tiiat would enable us to apply it with that degree of certainty and 
precision which is required in joinery. It has frequentiy been tried to bend wood by these 
means for tiie joiner*s purpose, but we still want to know what relation there is between the 
curve to which it may be bent, and that which it will retain ; and also the degree of bending 
we may witii safety give to a piece of wood of a given thickness ; for it clearly must not be bent 
so as to injure the grain of the wood. 

The time that a piece of wood should be boiled or steamed, in order that it may be in tiie 
best state for bending, should also be made tiie subject of inquiry by experiment ; and this 
being determined, the relation between the time and the thickness of the pieces should be 
ascertained. 

For the purposes of joinery, we think that the process might be improved by saturating the 
pores of tiie convex side of each piece with a strong solution of clear glue immediately after 
bending it ; for, by filling in this manner the extended pores, and allowing tiiie glue to harden 
thoroughly before relieving the pieces, they would retain their shape better. 



METHODS OF TAKING DIMENSIONS AND SETTING OUT WORK. 

50. Taxjng dimensions of plain square work is so simple, that we need not consider it ; but, 
when irregular figures are to be framed, it requires more skill. The metiiods to be followed, in 
such cases, depend upon the method of describing a triangle, when its three sides are given. 
Thus, let ABC (Jig. 6, pi. XLVII,) be the three given sides of a triangle; in any convenient 
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place draw die straight line 1>£, equal to the given line A, and from D, witli the straight line 1 
as a raditts, describe an arc at F ; and, from E, with the straiglit line C, as a radius, describe 
another arc, cutting tlie iumier in F ; join DF and EF : then will DEF be the triangle required 
In order to take the dimensions of a place which is to receive a piece of framing, make an eye- 
sketch, as in jig. 7, No. 1 ; and upon each line mark the dimensions of the sides ; then make a 
scale, jig. 8, and take the lengths of tlie sides from the scale ; and, on No. 2, find the angular 
points of the triangle, as was done in constructing the triangle, ftg, 6. 

Having cut each piece of wood to its proper length, scribe each edge down to its place ; then 
tay together the ends which are to meet, one piece being on the top of the otiier, and draw the 
shoulders of the Joints. When the place which is to receive the framing consists of more than 
three sides, sketch the figure, as before; draw lines from one corner to every other comer, and 
mark the dimensions upon these lines, and the dimensions of each side of the figure upon its 
respective line. This is fully exemplified in figures 9 and 10, No. 2, in each figure, being 
out from the same scale. 



METHODS OF ENLARGING AND DIMINISHING MOULDINGS. 
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51. These methods depend entirely on the proportion which any two lines, of different lengths, 
have to one another, when divided in the same ratio. 

Euclid proves, and indeed it is self-evident, that, if a line be drawn parallel to one side of a 
triangle, and if lines be drawn from the opposite angle, through any number of points taken 
in one of the parallels, to cut the other, these two parallels will be divided in tlie same ratio. 
This is one of the principles of proportioning cornices. 

Another method of proportion, emanating from a similar principle, proved by the same 
geometrician, and which is equally evident, is, that when any numl)er of straight lines are 
drawn parallel to one side of a triangle, so as to cut each of the other two sides in as many 
points, each of the two sides thus divided have their corresponding segments in the same pro- 
portion. Hence we have only to construct a triangle, which shall have two of its sides given ; 
for, if the divisions in one of these lines be given, we may divide the other in the same ratio, 
by drawing lines parallel to the third side of the tiiangle : or, according to the first pnnciplej 
if a straight line be drawn parallel to one side of a triangle, this straight line will divide the 
triangle into two similar triangles; therefore, if the triangle to be divided be equilateral, the 
smaller triangle, when divided, will also be equilateral. Therefore, if the divided line be greater 
than the undivided line, we have only to construct an equilateral triangle, and set the length of 
the undivided line from ©ne of the angular points upon one of the sides, and draw a straight 
line qJlHig^ ^^ point of extension, parallel to the side opposite to that angular point ; then, 
placing tlu par^of the divided line on the greatest of the two jtarallel lines, we have only to 
draw lineS, through the points of division, to the opposite angle, and the lesser parallel line will 
be divided in the same proportion. 

52. Let S.'Qjfig. 1, plate XLVIII, be the height of a cornice, divided by the height of the 
members into as many parts. Upon AB describe ifie equal sided on equilateral triangle ABE; 
from the points of division in AB draw lines to E. On the side EB or EA, of tl]^iriang)e, 
make EH or EG equal to the height of tlie intended cornice, and draw GH parallel to AJJ; 
then GH will contain the heights of the members of the new cornice. The projections are found 
thus : AC, being the lower line of the comice, produce AC to D ; and, from ail the points « 
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projecture, draw lines perpendicular to CD, cutting CD in as many points as the lines thus 
drawn. The point D, being the extreme projecture, produce the line downwards from D 
to F, and make DF equal to the perpendicular of the eqmkteral triangle AEB. Draw lines 
from the divisions in CD to the point F. Make FK equal to the perpendicidar EI, as ter- 
minated by the line HG, and draw KL parallel to CD, cutting all the lines drawn from the 
points of division in CD ; then KL will contain the projectures of the new cornice, of whicli 
the height IB GH: and thus, having the heights and projections of the members of the new 
cornice, it may be drawn by the usual methods. 

The mouldings of the architrave arc proportioned in the same manner. Thus, describing an 
equilateral triangle MNO; on the height, MN, of the architrave, produce the tines of division 
in the height to meet the line MN ; from the points of division in MN draw lines to O, tJie 
apex. Make OQ Cfjual to the height of the new or intended architrave, and draw PQ parallel 
to MN, and PQ will be divided in the same proportion as MN. To find the projections 
draw RS jierpendicular to MN, and describe the equilateral triangle RST. From the points of 
projecture, in the lines dividing the height, draw lines parallel to MN, cutting RS, the side of 
the equilateral triangle. Draw lines from the divisions in RS to the opposite angle T. Any 
where in the line MN make YZ equal to the side RS of the equilateral triangle, and draw YO 
and ZO, cutting PQ in a and b. On the side TS, of the small equilateral triangle, make Tc 
equal to aft, and drawer/ parallel toRS; then cd will be divided in the same proportion as RS. 

53. To Enlaboe a Cornice, according to any given height: Figure 2. From any point, V, 
with a radius equal to the intended height of the cornice, describe an arc cutting the opposite 
edge in U; and the line VU, being drawn, will contain the heights of the members of the new 




To find the Projections. — Draw any line, WX, perpendicular to UV, between the extreme 
vertical Unes of projecture ; and from all the extreme points of projecture, draw verticals to cut 
the line WX, which will be divided into the proper projections. 



RAKING MOULDINGS. 



5*. MTien an inclined or raking moulding is intended to join with a level moulding, at either 
an exterior or an interior angle, the form of the level moulding being given, it is necessary that 
the form of the inclined moulding should be determined, so that the corresponding parts of the 
surfaces of the two mouldings should meet in the same plane, this plane being the plane of the 
mitre. It may be otherwise expressed, by saying, that the mouldings ought to mitre tndy 
together. 

If tlie angle be a right angle, the method of finding the form of the inclined moulding is very 
easy ; and as it is not very difficult for any other angle, it will perhaps be best to give a general 
method, and to illustrate it by such examples as are of common occurrence. 

5a. General method of describing a Raking Moulding, when the angle and the rake, or in- 
ctination of the moulding is given. Let CBD, Jig. 1, plate XLIX, be the plan of the angle of a 
building or other piece of work, which is to have a level moulding on the side BD, and this level 
moulding is to mitre with an inclined moulding on the side CB. Also, let ABD be the angle the 
inclined moulding makes with a level or horizontal line. 
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Produce DB to b, and draw Cb perpendicular to D 5 ; also, make AC perpendicular to CB^ 
and a C perpendicular to 5 C. Set off C a equal to C A^ and join a b ; then the inclined mould- 
ing must be drawn on lines parallel to b a. Draw EF perpendicular to DB, and let 1, 2, 3, 4, &c* 
be any number of points in the given section of the level moulding ; from each of these points 
draw a line parallel to DE, to meet the lineEF ; also drawE c perpendicular to a b, and draw lines 
parallel to a 6 from each point to cut E c. Set off the points of division on EF, at the same dis- 
tances^ respectively, from the line E c as the corresponding points 1, 3, 3, 4, &c. are from the 
line EB^ and through the points 1\ 2\ 3\ &c. draw the moulding. The moulding thus found 
will mitre with the given one ; also, supposing the incUned moulding to be given, the level one 
tnay be found in like manner. 

If the angle CBD be less than a right angle, the whole process remains the same, but when 
it is a right angle, CB coincides with C 6, and the method of describing the moulding becomes 
the same as that usually given: as it does not then require the preparatory steps which are 
necessary when the angle is any other than a right angle. It having several times happened 
that we have had occasion to find the inclined moulding for octagonal buildings, we thought it 
desirable to give a method which suits for any angle whatever. 

56. When a building with mouldings or a horizontal cornice, crowning the walls, has a pedi- 
ment, with a similar cornice upon the rake, the upper tnouldings are mitred together, so that the 
mitre-plane may be perpendicular to the horizon : the question then is, having the section of 
the one,. how to find the section of the other. And, since in this case, the horizontal cornices 
are generally wrought first, the section of the horizontal moulding at the top is given, in order to 
find that of the pedknent. 

Therefore, in fig. 2, there is given the horizontal section, abcdefg^ to find the section of 
the inclined moulding. Let the points a, 5, e, </, e^f^gy be any number of points taken at plea^ 
sure; draw lines through these points, parallel to the rake; and, also, draw lines through the 
same points, perpendicular to the horizontal cornice, so that all shall cut any horizontal line in 
the points A,9,j,A:, /,m,». Transfer the distances between the points A, f,j,£,/,i7t,n, any where 
upon the raking line, to h\ i'^j'^k^ I', m\ it'; and, from these points, draw lines perpendicular to 
the rake, cutting the inclined lines at the points, a", b\ c\ d\ e\ f\ g ; then, through the points 
a', b\ c', rf', e\ f\ g^y draw a curve, which will be the section of the inclined moulding. 

Again, suppose it were required to return the moulding upon the rake to a level moulding at 
the top, as is sometimes done in open pediments. Upon any horizontal line, transfer the dis- 
tances between the points A, f,j, £, /,m,n, to K\ i' ij'\X\ml* yvl' ; and, from these points, draw lines 
perpendicular to the level cornice, cutting the raking-lines before drawn at the points a'\V\e" 
d'\ e'\f\ g"\ then, through the points a", b'\ c", rf", e'\ f\'g'\ draw a curve, which will form the 
retum*moulding at the top. 

Figure 3. — The lower section is the horizontal part, and the upper section is that of the 
upper return-moulding, found in a similar manner to fig. 2, excepting that, as the mouldings 
themselves are circular, the lines drawn through the points 5, c, d, must also be circidar; and, 
instead of laying the parts between the points, 6, c, d, &c., upon the raking-line, they must be 
laid upon a straight line, which is a trangent to the circle. 

Figure 4 shows the method of finding the return-mouldings for a raking avolo ; the lower 
section being the given moulding, and the upper one that of the return horizontal moulding. 

Figure 5 exhibits the method of finding the return of a raking cavetto. 

57. Plate L, fig. 1, shows the steps of a stair, where the base-moulding continues along 
the rake, and returns both at the bottom and top of the stair. Figure 2 exhibits the moulding 
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94 PRACTICAL JOINERY. 

Figure l, plate LI, exhibits the method of hinging one flap to anotheRi the joint heing 
what may be termed a lapjoint^ and is usually, employed for shutter-flaps* The centre of the 
hinge is placed opposite to the joint. 

When one flap revolves upon another ^ it is often required that the edge of the flap, when 
folded close upon the back of the other, shall be at a given distance from the joint : to do thig, 
the centre of the hinge must be placed at half that distance from the joint: thb is exemplified 
in flg. 2. 

63. Figure 3 shows the method of hingino a rule-joint, the axis of the hinge, being in tibe 
axis of the cylindric surface that forms the rule-joint. 

Figure 4 shows the joint when open. 

This method is sometimes used in window-shutters^ but chiefly in tables and other fiimiture. 
If one of the straps of the hinges were cranked a little, as shown by flg. 5, these joints would 
be much less difficult to form. With the common hinges, it is usual to make the joint extend a 
little further than the quadrant of a circle, which renders it difficult to make the parts fit well 
when the joint is open. 

Hinging Doors and Shutters. 

64. Figure 6 shows a hbge for a door to open so as to fold flat back against an architrave, 
or other moulding. The dotted lines show the door when open ; and the centre of the hinge 
should be at half the quantity of projection from the face of the door. 

65. JFS^. 7 shows the case where the hinge of a flap is on the reverse side of the rebate fi-om 
the usual one. In such cases, we are often required to fold back the flap to a given place. Let 
us suppose from A it is to fold to B. Then, join AB, cutting the lines of the flaps at C, which 
is the proper place for the centre of the hinge. To find the bevels, on AC, as a diameter, de- 
scribe a semicircle. Draw AD at any angle that may be esteemed convenient for the oblique 
portion of the joint, join DC, and set off A a for the depth of the rebate, then draw ab pa- 
rallel to AD; and bd perpendicular to the face of the flap, which will complete the joint 
Aabd, 

66. Plate LII, flg. 1, Nos. 1 and 2, represents the form of the joint of two stiles, in order 
to fit each other. No. 3 shows the same when hinged together. 

Figure 2, Nos. 1 and 3, exhibits a plane-joint, beaded alike on both sides : No. 8 shows the 
same when hinged together. ^ 

Figure 3, Nos. 1 and 2, exhibits the same thing with a double-lapped joint. No. 3 shows 
the two parts put together. 

Figure 4, Nos. 1 and 2, shows the same thing, with a single lapped-joint. 

67. Figure 5 exhibits the manner of hinging a shutter to the sash-frame. 
Figure 7 shows the method of hinging shutters, so as to conceal the hinges. 

68. Figure 6 exhibits the mlinner of hanging a door upon centres. If the door has any 
mouldings which project a bead. A, or other moulding, should be formed of sufficient thickness 
for the door to open square, and yet the mouldings on it not touch the jamb. To find the place 
for the centre make CB, its distance from the line of the jamb, about a sixteenth of an inch 
more than CD, which is half the thickness of the door. In doors; for principal rooms, a 
moulding is formed on each side of the stile, as shown by the dotted lines, to prevent the joint 
from appearing open when the door is open. 
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69* Another mode of hanging a door on centres is shown by fig. 9, plate LL To find the 
place for the centre, join AB, and bisect it by the perpendicular DC. Make EAC an angle of 
45 degrees, and then the point in which DC intersects AC will be the centre required. 

70. The door of a room should be so formed and hung, that, in opening the door, the interior 
of the room cannot be seen through the joint. This may be done by making the joint accord- 
ing to fig. 8* The bead should be continued round the door, and a common but-hinge answers 
for a joint of this kind. 

On the Formation of the Shutting Joints of Doors, Shutters, ^c. 

71. The proper bevel for the edge of a door or sash may be found by drawing a line from 
the centre of motion a, fig. I, phUe LIII^ to 6, the interior angle of the rebate, and drawing 
be perpendicular to a 6, which gives the bevel required* In practice, the bevel is usually made 
a little less, leaving an open space in the joint when the door is shut ; this is done on account 
of the interior angle of the rebate often becoming filled with paint. 

72. Figure 2, on the same plate, represents the section of a pair o{ folding-doors with jambs, 
upon a straight plan. Here we must suppose that one of the doors is shut, while the other 
opens. Let the half which is shut b^ edcbhgfy and let aedcb be the other half, which opens. 
Draw the line dc, parallel to the face of the door, bisecting the thickness, so that the middle of 
cd may be in the middle of. the breadth of the door. Draw the line ad, and draw de perpen- 
dicular to ad •j also draw the line a b ; taking the bottom of the quirk of the bead for the point 
6, and make be perpendicular to ab, then will edcb he the form of the joint. 

The principle of the operation is evident ; since no length can be applied in a placo shorter 
than- itself. The most remote point of the thickness in the moving part must, in the act of 
opening, pass every other part of the rebate that is stationary. The principle, therefore, 
amounts to this : that, since in the opening every point in the edge of the moving door describes 
the circuipference of a circle, no line drawn from the point a to the line be, should be less than 
the line ab; and, because the angle abeis a right angle, every line drawn from a, to meet the 
line be, will be the hypothenuse of a right-angled triangle, of which one of the legs is the line 
ab; therefore, a 6 is shorter than any line that can be drawn firom the point a to the line bey 
consequently, the point b, in the act of opening, would fall within the extremities of every line 
clrawn firom a to the line be. 

It may, also, be shown that,, if any point be taken in be, and a line be drawn from that 
point to the point a, the line thus drawn will be less than any other line drawn from a to any 
other point of the line be, between the former point and the point c. 

In the same manner, because ade, fig. 3, is a right-angle, the line ad is less than any other 
line that can be drawn from a to any point of the Une de, between d and e ; and every other 
line drawn firom a, to any point between d and e, will be less than any other line drawn firom a 
to any other point in de, between that point and the point e. 

Having thus shown the reason, of the method, its appUcation in figures 3, 4, 5, G, will be 
evident on inspection ; or, at least, by comparing it with the former part of this description ; 
and it only remains to add, that the angle may be as much greater than is given by this method 
as the appearance of the work requires, as in fig. 3 and 4. 

73. Figure 7 is a section of the jambs of a pair of folding-doors, with part of the section of 
the door, adapted for folding back against the wall : fig. 8 is the section of the meeting-stiles 
of the doors ; the dotted line in the stile shows the place for the lock. 
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OF THE CONSTRUCTION OF DOORS. 

74. Doors are of various kinds, and are usually described by the number of pannels, and 
the kind of framing. 

Figure I represents a six-panneled Door, having an ovolo and JiUet on the stiles, with 
plain pannels. 

Figure 2 is a section of part of a stile and pannel moulded with a quirk-ovolo and fillet ; the 
pannel being flat on both sides. 

Figure 3 represents folding Doors, wliich meet together with a lap-joint, exhibiting a bead 
on both sides of the door. 

Figure 4 exhibits a one-pannel or dwarf door, with Bead and But framing. 

Figure 5 shows one with Bead and Flush framing. The difference between bead and bat 
and bead and flush is this : In bead and but, the bead is run on the edges of the pannel, in the 
direction of the grain only ; but, in bead and flush, the bead is run round all the four edges of 
the frame. Sometimes beads are inserted across the ends of the pannels* 

Figure 6, section of part of the stile and pannel of square framing. 

Figure 7, section of part of a stile and pannel, having quirked ovolo and bead on the fram- 
ing, with square pannel. 

Figure 8, section of a part of the stile and pannel of a door, with quirked cyma-reversa on 
the framing. 

75. External doors for houses should not be less than I| inches thick, when finished, in order 
to be firm and durable. They should be made of yellow deal or oak, framed with pannels, and 
may be moulded, or the external face may be plain with a flush-bead round each pannel, (called 
bead and flush,) with a substantial oak or yellow fir frame. The height and width of external 
single doors are made in various proportions ; they should never be less than 6 feet 8 inches in 
height, nor narrower than 2 feet 10 inches ; and largo doors should be avoided, because they 
lessen the apparent magnitude of a building. When folding-doors are employed, there should 
be space to admit one person to enter when only one of the doors is open, and therefore 
they should never have less than two feet clear opening when one door is open, and the height 
to this width may be about 8 or 9 feet. 

76. Internal doors are made of various kinds of materials, but most commonly of yellow fir 
or white deal, the latter should be preferred. Doors of principal apartments are often made 
of oak, and sometimes of mahogany, and other expensive woods. Mahogany acquires a duD 
heavy colour with age, which gives a room a gloomy appearance, when it is employed in laigi^ 
masses, as in doors ; therefore, when it is used, means should be used to prevent it turning 
dark. Good varnishing with copal varnish is, perhaps, the most effectual. 

The proportions of internal doors, depend, in some degree, on the si2se of the apartments ; 
in a small room, a large door always gives it a diminutive appearance. With regard to the pro« 
portions of the doors themselves, if we take a door, 2 feet wide and 6 feet 3 inches high, as a 
standard, and then for any other width add half the difference between 2 fieet and that width 
to 6 feet 3 inches, will give the height required. The height should never be less than is 
given by this rule, and we wish it to be understood, that it is given rather to assist than to direct 
the taste of the builder. Writers on Architecture observe, that doors should never have more 
height than double their width, nor less than the diagonal of a square formed on the width.* 

• Albtrti'i Architecture, Vol. I p. 12. 
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OF JIB-DOORS^ BOOK-DOORS^ &C. 97 

77. As examples of the species of working-drawings required for doors, we will give two 
specimens; the one from a building of modem architecture, and the other from a Gothic 
buQding. 

Fig. 1, plate LVj \a the elevation of an external door, with a light over it. It may either be 
made folding or to open in one, and framed to represent a folding-door. Fig. 2 shows half the 
plan of the door-way to double the size of the elevation ; and, in practice, this plan is usually 
siade of the full size of the parts. The lights over doors are now generally formed by 
metal bars. 

78. When a door is framed to represent a folding-door, it is called a double^margined door. In 
framing a door of this kind, the middle stiles must appear to cross the top, lock, and bottom rails. 
Fig. 5, 6, and 7, show how this may be done ; Jig 5 is the double stile ; fig 6 the side of the 
bottom rail; and^^. 7, the edge of the bottom rail with the double stile inserted. The joints 
are made to bevel a little, so that they may be perfectly close when the rail is driven to its place, 
but they should not be beveled more than is absolutely necessary for that purpose. 

79. An elevation of an external door for a Gothic building is shovm by fig. S ; and fig. 4 is 
the plan of the door and jamb to double the size of the elevation, in order to show the parts 
more distinctly. Doors of this kind are frequently ornamented by nail-heads along the mould- 
ings ; and lately such heads have been cast in iron ; their peculiar form is shown in fig. 8 ; where 
A is the top of the head, and B its side, with part of the moulding. When the nail-heads are 
formed in wood, they are let in within the surface about a sixteenth of an inch. 



Cff Jib-Doors, Book-Doors, ffc. 

80. A JiB-DOOR is one intended to be concealed, either from its leading to a private room, or 
from there being no corresponding door, and it is therefore made flush with the surface of the 
wall, being generally canvassed and papered over, or painted the same as the room ; the design 
being to conceal the door as much as possible, or to preserve the symmetry of the side of the 
room which it is in. 

J^^. 1, plate luVL, represents the side of a room, in which KLMN is a jib-door, I the base 
moulding of the room, and H the surbase, both continued across the door. 

Now, in order to make the jib-door open freely, the mouldings must be so cut that no point 
of the moving part may come in contact with the jamb of the fixed part. This may be done 
by forming the end of the moving part, and the end of the jamb or stationary part, in such a 
manner that all the horizontal sections may be circles described from the centre of the hinge. 
In short, by making the end of the base and surbase, and the edge of the jamb, the siuface of a 
cylinder, of which the axis line of the hinges is the axis of the cylinder. This is shown by 
Jig. 4, where A is part of the jamb ; B represents a section of the door, upon which the iron 
containing the centre is fixed. C is the centre. The parallel lines in front represent the projec- 
tions of the mouldings. Draw Cd perpendicular to the front line, and make de equal to Cd: 
from C, with the radius Ce, describe the circular Une ef, and where the points of ^ C cut the 
parallel lines vnll be the extremities of the radii of the other circles. 

Figure 2 exhibits the section of the surbase, marked H, in fig. 1 ; and B, fig. 3, is the 
elevation of the base, shown at I, fig. I ; and fig. 5 shows the section of the base moulding. 

81. In libraries, concealed doors to private rooms or book-closets are frequently made to 
match the book-cases, and to appear as though the door was part of the book-case. For this 

17. gC 
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purposci pieces of wood are formed to the shape of book-backs, and covered with leather* amf ' 
gilt and lettered, so as to resemble real books. When the book-backs are well imitated, the 
deception is very complete. 

Doors ai:e also concealed by covering them with maps strained on canvas, and well vamiahedi 
the joint of the door being in the frame of the map ; and where some device of this kind camioft 
be employed, the edges of the doors soon become soiled, and their appearance disagreeabk; 
particularly where there is no other reason for employing them than to preserve the 83anmetry 
of a room. 



OF THE CONSTRUCTION OF WINDOWS. 

8S. Windows are described by the manner in which they open, and are of three kinds: 
Sash-windows, Casements, and Sliding-casements* 

83. Sash-windows are balanced by weights, and slide vertically. They are, for most puTposeSi 
both more convenient than other windows, and better adapted for keeping out the weather. 

84. Casements open on hinges in the manner of doors, and they are usually eHiployed id 
Gothic buildings, being more in character with that style of architecture than sash-windowSi 
When casements are employed n^ith other species of architecture, they are called French win* 
dows. The objection to these windows is the difficulty of making them water-tight, without 
rendering them very inconvenient to open and shut ; otherwise they are well adapted for mst^ 
dows to walk out at on to a lawn or a balcony. 

85. Sliding-casements are used only for cottage-windows, and they slide horizontally, and 
often have small rollers in the bottom rail to lessen the friction. 

86. The frames of windows are usually made of yellow firj or of part fir and part oak, and ffff 
frames, as well as for every other purpose, where wood is to be painted, it should be well 
seasoned. 

Sashes and Casements for principal rooms are often made of oak ; and some^es sashes ar« 
made of mahogany. Neither sashes nor casements should be made slight, as, however well 
they may fit at first, they soon get out of order if made too slight. The thickness of sashet 
should never be less than of those called li-inch sashes, which are about l|-inch when finished^ 
and casements should be thicker. 

Proportions qf WtJidows. 

87. The stone sills of windows, unless they begin from, or nearly from, the floor, are genc^ 
rally fixed with the upper side thirty inches above the floor line, and the tops of the 
should be about i^^th of the height of the room below the ceiling to allow space for the 
cornice, and for the cornice of the room. Wlien there is more than one window in a roon, it 
is usual to place them so, that, if the pier between two windows be divided into three parts, the 
jamb of each end window may be two of these parts distant from the wall. 

Windows should never be very wide, because then the shutters become heavy and inconvenient, 
and get very soon out of order ; also, wide openings weaken the walls of a building, but as rooma 
should be well lighted without making larger openings than is necessary, a rule for that purpose 
is useful. 
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WINDOWS. 99 

The following rule for proportioning the Quantity of Light for a room agrees very well with 
our own observations, and is very convenient for use. Divide the number of square feet con- 
tained in the room by 45, and the quotient is the least width for the windows in feet ; and may 
be divided into such a number of windows as is convenient. 

But> if the windows extend down nearly to the floor, divide by 60 instead of 45. 

Example.^^-lf a room be 30 feet in length, and 20 feet in width, then 30 x 20 s 600, which is 
the number of square feet in the area of the room ; and, 600 divided by 45, gives 13 feet 4 inches 
for the sum of the widths of the windows, and may be divided into three ¥rindows of 4 feet 
6 inches each.* If the same room had windows extendmg down to the floor, 10 feet would be 
sufiicient for the sum of the widths of the windows ; and, provided less than this proportion of 
light be not given, tlie vdndows may be of any suitable proportions for appearance. 

Parts of Windows. 

88. Figure 1, plate LVII, shows the external elevation of a sash-window, where T is the 
top rafl of the sash, M the meeting ban, B the bottom rail, and S, S the stiles. 

iFig. 2 is a section of the meeting bars, with a small portion of the stiles fixed to each. 

Fig* 3 shows a section of an upright bar with a cross bar inserted, but not driven close ; our 
object being to show, in a clear manner, the method of framing the bars by means of dowels ; 
the pin, D, is called a dowel. The parts which are cut away, on the moulded sides of the 
upright bar, are called the franking. The object in this joint is to preserve the upright bar as 
strong as possible, and yet insert the cross bars, so that the moulding may not be liable to 
break off at the edge. 

Fig. 4 shows the bars when joined. 

jpl^. 5 is the section of one of the bars, being called astragal and hollow. 

Fig. 6 is a section of one of the stiles of the sash, inth its astragal and hollow mouldings. 

Fig. 7 shows a section of the top rail; and Jig. 8 of the bottom rail of the sash. 

Fig. 9 is a plane diminished bar, such are frequently used for shop-fronts. 

Fig. 10 is a section of a bar with a Gothic point, instead of an astragal. 

Construction qf Circular Sashes in Circular Walls. 

89. To MRM THB CoT-BAR OP THE Sash.*^ Figure 1, plate LVIII, is an elevation of the 
window. Divide the half arc of the cot-bar, PR, into any number of equal parts, as six ; and, 
from the points of division, draw perpendiculars to the horizontal Ime ag; transfer the parts of 
the horizontal line ab, bc,cd, &c. to Jig. Q, from to 1; 1,2; 2,3; 3,4; &c., to 6; and 
reverse the order from the central point 6 ; then draw perpendiculars upwards from these points-: 
and make the heights of the perpendiculars, Jig. 2, to correspond to the distances taken from 
the plan,^^. 1. Through all the points draw curves, which will give the form of the mould 
for the veneers for glueing up the bar in thicknesses sufficiently near for practice. 

90. To form the Head of the Sash. — Divide the elevation round the outer edge into any 
number of equal parts, and draw lines perpendicular to the springing line from each division to 
the chord of the half plan. From the points where these lines intersect the chord of the half 
plan, draw ordinates, perpendicular to the chord of the half plan. Make the ordinates FT, GK, 

* It U of some importaacc to attend to the circumstaQce, that a window is cbarfed as two windows for the window -lax, 
if it be more than 4 feet 9 inches in wiJth, unless its hei|^ht be less than 3 feet 6 inches^ 
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HL, &c. equal to Bl^ C2> DS^ &c. ; and the ordinates of the inner curve equal to CM, DN, 
&c. ; then> through the points E^ I, K^ It, &c., draw a curve ; and within, throi^ the other 
points, draw another curve ; and this will form the face-mould for the sash-head. 

Figure 3 is the development of the soffit of the under side of the sash-head. Figure 4, that 
which is applied to the outer or convex side of the same : so that, by cutting awaj the super- 
fluous wood on the outside of the space contained by the two lines, the sash-head will .fit th« 
surface of a cylinder made to the radius of the plan of the window.* 

91. To find the Rtidial Bars. — Let ny, Jig, 1, be the place of a radial bar. In ny take any 
number of points, n 0/79, &c., and draw the perpendiculars nv, ov,jpar, ^y, &c., tony. Draw 
also, nijokfplf qm, &c., perpendicular to the springing line of the elevation, cutting that line at the* 
points a, b,c, d, Sec, ; and cutting the plan of the convex side of the sash at the points e^f, g,k, 
and the concave side at i, £, /, m, &c. Make the distances nv, ow,px, qy, &c., respectively equal 
to aj, bi, elf dm, &c. ; and, through the points v, w, x, y, &c., draw a curve, which will form the 
convex edge of the radial bar. In the lines ni?, ow,px, qy, &c., make the distances itr, os^pt, qUy 
&c., each respectively equal to ae,bf, eg, dh, &c. ; and, through the points r, #, f, ti, &c., draw 
another curve, which wifl give the imier edge of the radial bar. 



OF THE CONSTRUCTION OF WINDOW SHUTTERS. 

92. When the walls of a room are sufficiently thick, the window-shutters are made to fold into 
a recess within the thickness of the wall, and for the more free admission of light and air the 
window recess has its sides splayed to a greater or less angle, the splay most frequently adopted 
appears to be from one-third to two-fifths of the depth of the window recess. 

In plate LIX we have represented the parts of a Sash-window, and its shutters, finished in 
this manner ; and in all its detail according to the style of the working drawings of the most 
eminent architects of the present time. 

Figure 1 is a vertical section through the window, with parts removed to enable us to give it 
on a larger scale on the plate. 

Figure 2 is a plan of the same, showing the shutters as folded back into the boxings ; for so 
the recess formed behind the architrave to receive them is called. Fig. 3 shows the elevation 
of the lower part of the window and shutters, and the construction of tlie plain back and plinth 
to the window recess. 

^^ fig* 1 S is the sill of the sash-frame ; W the stone sill with a sinking to prevent water col- 
lecting at the edge of the wooden sill so as to decay it ; and B is the bottom rail of the sash. M 
is the meeting bars of the sashes ; T the top rail of the upper sash ; and H is the head of the 
sash-frame, with the soffit grooved into it. A is the architrave, and P its plinth. 

In fig. 2, F is the pulley stile of the sash-frame. We recommend this mode of rebating for the 
beads into the pulley stiles firom many years experience of its utility ; and we also recommend fixing 
the beads by means of screws with small pieces of brass let in and counter-sunk for their heads. 

• The methods in this and the precedinj^ article, (Arts. 89 and 90,) apply only to the case when the bars and stiles are paraUel 
to the radius of canratare at the middle of the breadth ; but the bars and the stiles ought to be perpendicular to the cunre, 
and then the tKie form for the mould may be found from the development of part of the surface of a wedge formed solid, 
having a serai-circular end, on the principles 11^ have laid down in Carpentry, Art. 50 and 63. Nicholson has avoided point- 
ing out this circumstance, though it is one of the most observable of the defects of windows with bars of double cnnrature, 
on his construction, that none of the bars nor stiles are perpendicular to the curve. 



COITSTRUCTIOW OP CIRCULAR SASHES , 




ZmilmJ ^ tlMt ^ ^ 7J^:jUlf,lT.Jh^n u, t i r l i m J(mf2.jaf . 



• ".■• 1 • 



I. 






i^ 



V J 



*. 



TVl?fl><AV HIIVrTKKH. 



/'/ . /./s 








Vr — SV 



ii ' 
I I 



hi I- 



! I- 



\ 



/*/»/. . '■ 



J. ... 



M 



P. ^^\ J 



• ttf.f 



r,-.- 



-< r 







■=■■■ ■;».■■ ^•''*:- -i;^. « 'f^ J 






V 



>_.■■.■»•■ ^\ .b* ^' >**««l 



. Jtm. fc— 



v.- ■■ 



{ i 

• ■ 

hi 

U i ; I 

- li 
\\ 

I 

« 






r. 1 



. ii 



i> 



"JP 



FVT»" ■■^•3fJ^*|B 






r 



i' 



— '.Trtir^ 



r 



















/ » 



/ r- 



ZfiUm./h*A*AfJ ln7%m'AiUyn iUt^mmtttf A'nr..XM -' :;' /.r^K 



^'n>i<r(U« 



» - 



^ ^ .^*t 



WI.NJ3 0W HHVTTKKS, 




■ti.liMu*nf *fflf.'Arfi',/7/:«i,-«™/, K.-r Aut-..:. 



102 PRACTICAL JOINERY. 



OF THE CONSTRUCTION OF SKYLIGHTS. 

96L Skylights are windows in the roofs of houses^ and are necessary when light cannot be had 
in the sides of the room or apartment required to be lighted. 

Figure I, No. 1^ plate UCII, is a portion of the plan of a square skylight. No. 2, is the 
eleyation. 

97. To find the Seats of the Hips.— Bisect the an^e ABC, No. I, by the straight Hne BE ; and 
bisect the angle BCD by the straight line CE: then BE and CE are the seats of the hips. 

98. To find the Length and Angles of the Hips. — Draw EF perpendicular to CE, and make 
EF equal to the height of the skylight, and join CF ; then CF is the length of the hip, ECF the 
angle which it makes with its seat or base, EFC the angle which it ma]ces with the perpendicular. 

99. To find the Backing of the Hips. — From any point G, in EC, draw GL perpendicular to. 
CF, cutting FC in L ; and, through G, draw HI, perpendicular to CE, cutting BC in H, and 
CD m I. In CE make GK equal to GL, and join HK and IK : then will HKI be the angle 
required. 

100. Figure 2 is the plan and elevation of an octagonal skylight. The method of finding the 
seats of the hips, their lengths, angles, and backing, is the very same as in the preceding examj^; 
andj therefore, any &rther explanation will be unnecessary. 

101. Figure 3, an octagonal skylight, cut by the inclined side of a roof. The method of 
drawing the curb for such a roof requires some explanation, in order to be understood. No. 1 
is the plan, No. 2, the elevation, showing the part above the roof, which is exactly the same as 
that of a common skylight. 

In No. 2, through the summit S, draw ST, parallel to the base, cutting the sloping line of the 
roof in T. 

In No. 3 draw PQ equal to the breadth of the octagon. No. 1. Bisect PQ in U, by a per- 
pendicular, UL. Make UL equal to RT, and join PL and QL. Through L draw KM, 
parallel to PQ, and make LK and LM each equal to UP or UQ. Draw PM and KQ, cutting 
each other in I, PL in V, and QL in W. Join VW. Make UC and UD each equal to halT 
the side of the octagon. Draw CK, cutting PL in B, and DM, cutting QL in E. Through 
I draw NO, parallel to PQ, meeting CK in N, and DM in O. Draw NM, cutting BL in A, 
and VW in H : abo, draw OK, cutting QL in F, and VW in G ; then ABCDEFGHA is the 
outline or exterior edge of the curb. The interior edge, abcdefgha, is drawn by means of the 
same points, K, L, M, and the edges cd and hg, parallel to CD, so as to meet each other upon 
the diagonals al, 61, cl, dl, &c. 

This is the same operation as finding the perspective representation of an octagon, when tjie 
eye of the spectator is at S, No. 2 \ and RT the section of the picture, and RX a section of the 
original plane. In perspective K, L, M, No. 3, are called the vanishing points; L is the centre 
of the vanishing line ; PQ is called the intersecting line ; PK, or QM, is the height of the pie- 
ture; and S, No. 2, is iixe point of sight. 

The points K and M, No. 3, would have been ascertained in perspective, thus : produce UL to 
Yf and make LY equal to ST. Now, supposing the plan, No. 1, on the other side of PQ, No. 
8, with two sides of the octagon parallel to PQ, one of them may coincide with the part CD of 
PQ. Then,, through Y draw a line YK and YM, parallel to the diagonals of the square which 
form the sides of the octagon ; then the points K and M are the vanishing poittts. 
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SPRINGING AND BENDING MOULDINGS. 

102. Figure}, plate LXIII is the elev^on of a cylindrical body. At the upper end, C and I 
are the profiles or sections of a cornice^ to be put round the cylindrical body. If the moulding be 
formed fiK>m a solid piecoi it must be formed in sh^ort lengths ; for^ if the pieces are very loi^ thf 
grain will run across them, and besides being difficult to work, and not looking well when done, 
it cuts a great quasitity of wood to waste. 

In order to avoid cutting across the grant as much as possible, the best way is to ibrm the 
moulding out pf a board as if it were cut by a plane, as nearly parallel to the face as possible $ 
a^ then, the moulding may be bent in the same manner as in covering the frustum of a rigiht 
cone. Thus may the moulding be got out of a thin board. Bisect the breadth DF, in the point 
E, and draw EH pariJlel to FQ or DI. Produce the back of the cornice klU> meet the line of 
the axis in oi ; then, from tjie point f?i, as a centre, with the distances from m to each edge of the 
fillets and moulding, describe arcs, and these will represent the lines for working the moulding 
on the board. 

Figure 2 shows the method of describing the moulding, when put round the segment of a 
cylinder CDE. Here the whole semi-circle must be completed, and the moulding placed as be- 
fore and described after the same manner. 

Figure 3 exhibits the method of describing the moulding for the interior surfiK^e of a cylinder* 

Figure 4f, the section of a base moulding, to be bent on the spring. 

Figure 5, a cornice where the mouldings afe ahnost in a straight line. This is well adapted for 
the surface of a cylindric body. 

Figure 6, is the profile of a cornice, when both the cyma-recta and bed moulding are intended 
to be sprung. Here these parts must be bracketed behind in order to keep the mouldings firmly 
in their places. The corona is made in a solid piece, by which a variation of outline is obtained 
that qiGumot be done when the whole moulding is bent as in^^. 5. 



DIMINISHING AND FLUTING COLUMNS. 

103. To diminish a column is to give such a form to the surface, that the sections through the 
axis will all form convex curves on their edges. 

To DIMINISH TH£ si^AFT OF A COLUMN, as in ^. 1, plote LXV. — Draw the line representing 
the axis, on which set off the height of the column ; then, from any point in the continuation of 
this line, at the bottom, describe a semi-circle of a radius equal to that of the bottom of the 
column, and let the diameter of this semicircle be perpendicular to the line of the axis. 
Through each 'extremity of the axis, draw the diameter of the shaft, at the top and bottom of 
the column. Through oqe extremity of the diameter of the top of the column draw a line 
parallel to the axis, to meet the circumference of the semi-circle. Divide the portion of the 
arc, between the point of section and the diameter, into any convenient number of equal parts ; 
the more the truer tib<^ result will be. Divide the height, or axis, of the column into as many 
equal parts as those contained in tjt^ arc of the semi-circle; and through the points of division. 
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pilaster. Through all the points of section in AB, draw lines parallel to BC : then take the 
breadth of the pilaster^ with a rod or compasses ; and with that distance^ as a radius^ describe 
an arc from A, cutting the line BC in D, and draw AD: then apply AD as before. 

If the sides of the pilaster be convex, the several breadths must be taken equi-distantly 
throughout its length, and the divisions appUed to the lines in the breadth of the pilaster at 
each part. 

The flutes and fillets may be transferred to different circles^ taken equi-dbtantly on the 
surface of a column, in the same manner ; but, instead of applying the parts upon a rod, they 
must be applied upon as many sUps of parchment as the number of circumferences taken in 
the height of the column. But, in order to regulate the flutes, so that their edges may be all 
in planes passing through the axis of the column, draw a line on the surface of the column, so 
as to form the edge of a flute or fillet, or the middle of a flute or fillet ; then one of the ends 
of the slip may be applied to the line where each circle intersects it, and the slip itself 
stretched round the circumference till the other end meets the line again ; then mark the divi- 
sions of the flutes and fillets on the circumference of the colunm. Through every row of 
equi^listant points, on the circumference of the column, firom the line previously drawn, draw 
a line, which will be the line of demarcation of a flute and fillet. 

107. "Figure 3 shows the method of drawing the flutes and fillets of a Doric column. 
One particular to be observed in this, is, that a plane, (Missing through the axis of the column, 
must pass through the middle of a flute, when that plane is perpendicular to the front, and 
when it is parallel to the firont. 

The whole circumference of the Doric column is generally divided into twenty equal 
parts, by the arrises of the flutes, which terminate upon each other, without the intervention 
of fillets. 

108. Figure 4 shows the method of describing the flutes and fillets on the shaft of the 
Ionic, Corinthian, and Composite Columns : and here we must observe that, as in the Doric, 
a plane passing through the axis, perpendicular to the front, in which the column stands, gene- 
rally passes through the middle of a flute ; and, that a plane, passing through the axis, parallel 
to the front, passes also through the middle of a flute. 

The number of flutes and fillets in the Ionic, Corinthian, and Composite orders, are generally 
twenty-four each ; the fillet being about one-fifth part of the breadth of a flute. 

109. Figures 5 and 6 show the method of glueing up the shaft of a column in staves. 
The number may be more as the diameter of the column is greater. In the example before us, 
the number of staves is eight ; therefore we must describe circles, one to the diameter of the 
top, and another to the diameter of the bottom, of the column, and circumscribe an octagon 
round each circle ; then draw another octagon, of which the sides are parallel to those of the 
octagon already drawn ; so that the distance of the parallel sides of the octagons may be equal 
to the proper thickness of stuff required to make the shaft of the column. From the angles of 
the octagon draw lines to the centre, which will give the directions of the joints; but, though 
the angle shown by the bevel in Jig. 5, would not differ sensibly from the truth, the proper 
method to find it is the same as finding the backing of a hip-raft»r ; and, if the outside of the 
column is curved, it will be eligible to apply the bevel firom the inside ; because, if applied to 
the convex side of the column, every different place would require a different angle. 
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STAIRS AND STAIRCASEa 

115. Stairs and Staircases are made of various formsj but convenience^ safety, strength, 
and simplicity, are the most es^totial Characters of a good one. In a convenient house, the 
place of the staircase should be easily recognised, and yet without its being exposed to the 
entrance. The ascent should b6 easy and regular ; and windmg steps should be avoided, if 
possible. There should be landings at convenient distances, a rule which is too frequently 
neglected in modem houses ; Albei^i, in his Architecture, says, the best architects never put 
above nine steps to ont flight. 

The rail should be of a proper height and strength for safety, and the stairs should be 
firm and well supported. 

D^nitians of the Parts of Stairs. 

1 16. Bt Stairs we mean an assemblage of steps,' so formed and united, that, by walking on 
them, we ascend or descend from one height to another. 

1 17. The surfiu^es on which we set our feet are called treads ; and these, for the convenience 
qf walking, are set at equal dbtances, and parallel to each other. 

118. In order to give a solid appearance to the whole, every tread has a vertical piece beneath 
it, called a riser. A riser and tread, when fixed together, forms what is called a step* 

1 19. The inclosed space in which the steps are fixed, is called the stair-case. One end of 
each step is commonly supported by a wall of the staircase. 

ISO. If the ends of the steps terminate so as to leave an open space in the centre of the 
staircase, the space left open is called- the well-holb. The form of the well-hole is sometimes 
square, or rectangular, but most frequently it has parallel sides and circular ends. 

121. Stairs that have a well-hole, or hollow in the centre, and the steps supported by their 
ends in the walls of the staircase, are called geometrical stairs. 

122. The front edge of the tread is called the nosing, and is usually rounded, or both 
rounded and moulded. The line which may be drawn tp touch the nosings of a series of steps 
is called the line of nosing. 

123. When the treads of a series of steps are each parallel^ such a series of steps is called a 
straight flight, and the steps are denominated flyers. 

12i. When the treads of the steps diminish in breadth towards the central part of the stair- 
case, the steps are called winders. 

As the ends of the steps, called winders, generally terminate upon a surfiu;e which is perpen- 
dicular both to the risers and treads, the surface on which they thus terminate is commonly called 
that of a cylinder ; though only strictly so when the well-hole is circular. 

125. When the tread of a step is so broad as to be equal to two or more of the other steps, 
and situated between floors, it is called a landing, or resting-place. 

126. If the resting-place be a square, or, if the riser to a resting-place be at right angles to the 
riser from it, the resting-place is called a quarter-space or quarter-pace. 

127. When the breadth of the resting-place extends across the staircase, or the riser to the rest- 
ing-place be parallel to the riser from it, the resting-place is called a half-space or half-pace. 

128. Half-spaces and quarter-spaces, on a level with floors, are properly called landing-places. 
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Proportions of the Parts of Stairs. 

129. The breadth of the treads of the steps of common stairs is from nine to twelve inches. 
In the best staircases of noblemen's houses and public edifices, the breadth ought never to be 
less than twelve, nor more thaii fifteen inches ; the latter is the breadth of the treads of the 
stairs of the Palace at Hampton Court. 

130. A step of greater breadth requires less height than that of a less breadth ; and the first 
person who attempted to fix the relation between the height and width of a step, upon correct 
principles, was, we believe,. Blondel, in his *' Cours d'ArchUeciureJ' If a person, waUdng 
upon a level plane, move over a space, P, at each step, and the height which the same person 
could ascend vertically at one step with equal ease, were H; then, if A be the height oi a 
step, and p its width, the relation between p and h must be such that when^ = P, A = o; and 
when A as H, we must have p ssp. These conditions are satisfied by an equation of flie form 

A = H (1-^). 

Bkndel assumes £4 inches for P, or the step a person can make with ease on a level jdane, 
and 12 inches for H, or the height a vertical step can be made with equal ease; and, putting 
these numbers for P and H, in our equation, it becomes A =: ^ (S4— jv), which is precisely 
Blondel's rule. We do not think that the rise, which is equal to a level step of 24 inches, is 
more than 1 1 inches, but it would be difficult to ascertain the ratio exacdy, and the above are 
so near, and agree so well with our observations on stairs of easy ascent, when the breadth of 
the tread includes the nosing, that they may be taken for the elements of a practical rule. 

Hence, accordmg as the tread p, or the rise A, is given, we have A=:~P; or f?=:24-2A. 

Thus, if the height of a step be six mches, then i>=12, and -~?=:6, the rise for a step 

that has a tread of 12 inches, including the nosing. And, as the nosing ought not to exceed 
an inch, we have these general rules. 

131. To find the proper Rise for the Steps when the Tread is given* 

From 23, substract the breadth of the tread in inches, juid half the difierenoe will be the rise. 
Thus, if the tread be 12 inches, then 

23 
12 

2)11 



5{ inches, the rise required. 



132. To find the proper Tread when the Rise for a Step is given. 

Substract twice the rise from 23, and the remainder will be the proper width for the tread.' 

Thus, if the rise be 5 inches, 

23 
2 X 5 = 10 



13 inches, the tread required. 
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So that tlie senrants* stair requires twenty-seven steps, and the grand staircase thirty-4wo : but 
the space or area required to execute the common would not be much less than that requved to 
execute the grand staircase ; the common stairs must therefore have two revolutions in the height. 
This being allowed, will reduce the area to half of what it otherwise would have required. 

We must, however, observe that, when the height of the story is less than fourteen feet, the 
stairs will not admit of two revolutions. 

In planning a large edifice, particular attention must be paid to the situation of the stairs, 
so as to give the most convenient and easy access to the several rooms. 

137. With regard to the lighting of a grand staircase, a lantern-light, or a sky-light with a 
horizontal light under it, is the most appropriate. By introducing these, more effect is pro- 
duced, and the light admitted is more powerful ; but, indeed, where one side of the staircase is 
not a portion of the exterior wall, a lantern or skylight is the only way in which the Bght can 
be admitted. 

138. In stairs constructed of stone, the steps are made of single blocks; quarter-spaces and 
half-spaces are, however, often made in two or more pieces, and joggled together: but, when 
the material is wood, the risers and treads must be made of boards, which are fiistened together 
with glue, brackets, and screws ; and these, though done with the utmost care, can never be 
made so firm as not to yield a little to the passenger. 

To prevent stairs from becoming ricketty, in length of time, the steps must have an additional 
support under them ; and that the appearance may be both light and pleasant, the whole must 
be confined to as small a space as possible. This additional wood-work, which is necessary to 
the firmness and durability of the construction, is called the carriage of the stair. 

139. The carriage of a stair usually consists of several pieces framed together; and^ach 
flight of steps is generally supported by two pieces of timber, placed under the steps, and 
parallel to the wall, being fastened at one or both ends to pieces perpendicular to the walls. 

' The pieces of timber which are thus placed under the steps are called rough strings. • 

140. Dog-leoged Stairs are those which have no well-hole, and consist of two flights, with 
or without winders. The hand-rail, on both sides, is framed into vertical posts, in the same 
vertical plane, as well as a board which supports the ends of the steps. The boards are called 
STRING BOARDS, and the posts are called newels. The newels not only connect the strings, but 
they afford the principal support to the rail ; and thus it may be affirmed that the newels, posts, 
and hand-rail, are all in one plane. (See plale LXX.) 

141. Open-newelled Stairs are those which have a rectangular well-hole, and are divided 
into two or three flights. 

142. Bracketed Stairs are those where the string-board is notched, so as to permit the 
risers and treads to lie upon the notches, and pass over beyond the thickness of the string-- 
boards : the ends of the steps are concealed by means of ornamental pieces called brackets. - 

Geometrical stairs (defined art, 121) are generally bracketed ; but, in dog-legged and open- 
newellcd stairs, only those of the best kind are bracketed. 

143. A Pitcuing-Piece is a piece of timber wedged into the waD, in a direction perpendicular 
to the surface of that wall, for supporting the rough strings at the top of the lower flight, 
when there is no trimmer, or where the trimmer is too distant to be used for the support of 
the rough strings. 

14t. Bearers are pieces of timber fixed into, and perpendicular to, the surface of the waD, 
for supporting winders when tliey are introduced ; the other end of the bearer is fieistened to 
the string-board. 
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A Notch-Board ia a board into which the ends of the steps are let: it is fastened to the 
, or one of the walls, of the staircase. 
' 145, Cub tail-Step is the lowermost step of stahs, and has one of its ends, next to the well- 
Kile, formed into an ornament representing a spiral line. 

These are the principal parts which belong to a stair or stairs ; other parta connected with it 
tiong to the UAND-BAit., and will be all defined in treating of Hand-railing. 



Construction of Dog-Legged Stairs. 

146. Having taken the dimensions of the stair, and the height of tlie story, lay down a plan 
Old section upon the floor, to the full size, according to the design representing all the newels, 
ing-boards, and steps ; by this method the exact lengths and distances of the parts will be 
Kertained, as also the angles which they make with each otlicr. The quantity of head-room, 
■ situation of apertures and passages, and whether quarter-spaces, half-spaces, or winders, 
E to be introduced, having been previously settled on the drawing. 

In order to have the most variety in the construction, we will suppose the stairs to have two 
larters of winders ; the whole being represented as framed together, the string-board will 
row the situation of the pitching-pieccs, which must be put up nest in order, by wedging the 
e end firmly into the wall, and fixing the other end into the string-board ; which, being done, 
t up the rough -St rings, and put up the carriage part of the flyers. In dog-legged staircases 
B steps are seldom glued up, except in cases where the nosings return ; we shall therefore 
bippose them in separate pieces, and proceed to put up the steps. 

' Place the first riser in its intended situation, fixing it down close to the*floor, the top at its 
roper level and height, and the face in its true position. Nail it down with flat-headed nails, 
riving them obliquely through the bottom part of the riser into the floor, and then nailing the 
i to the string-board. 

Place the first tread over the riser, observing to give the nosing its proper projecture over the 
face of the riser ; and, to make it lie more solid upon the string, notch out the wood at the 
farther bottom angle of the riser, where it is to come in contact with the rough-strings, so as to 
fit it closely down to a level on the upper side, while the imder edge beds firmly on the rough- 
strings at the back edge, and to the riser at the front edge : nail down the tread to the rough- 
strings, by driving the nails from the place on which the next riser stands, through that edge of 
tJje riser, into the rough-strings, and then nailing the end to the string-board. 

Begin again with the second riser ; which, being brought to its breadth, and fitted close to 
the top of the tread, so that the back edge of the tread below it may entirely lap over tlie back 
of the riser, while the front side is in its real position. Then nail the tread to the riser from 
tlje under side, taking care that the nails do not go through the face, which would spoil the 
beauty of the work. 

Proceed with riser and tread, alternately, until the whole of the flyers are set and fixed. 
Having-finished the first flight of steps, fix the top of the first bearer for the winding-tread 
on a level with the last parallel riser, so that the farther edge of lliis bearer may stand about 
an inch forward from the back of the next succeeding riser, for the purpose of nailing the 
treads to the risers, upwards, as was done with the treads and risers of riie flyers. The end of 
this bearer being fitted against the back of the riser, and having nailed or screwed it fast thereto^ 
fix then a cross-bearer, by letting it half its thickness into the adjacent sides of the top of tlie 
, and into the top of the long bearer, so as not to cut through the horizontal breadth, nor 



12 PRACTICAL JOINERY. 

iirough the thickness of the riser^ which will weaken the k>ng beazer« and iiyure the appear- 
ance of the work : then fix the riser to the newel. 

Try the first winding step-board to its place ; then, having fitted it to its bearings, and to the 
newel, with a re-entrant angle, or bird's mouth, fix it fasU Pfoceed with all the succeeding 
risers and step-boards until the winders are complete. 

Having finished the winders, proceed with the^ retrogressive or upper flight, exactly in the 
same manner as has been done with the lower flight. 

The workman must then proceed to strengthen the work in the following manner : fix rough 
brackets into the internal angles of the risers and step-boards, so that their edges may join upon 
the sides of the rough-strings, to which they are fixed by nails, and thus the work is completed. 

147. In plate LXX, figure 1, is represented a Dog-L£GG£D Stair with flyers only ; that is, 
which consists of steps of equal breadth of tread. No. 1 is the Plan, showing the length and 
tread, or breadth of the steps ; or that which shows their exact area ; the dotted lines show the 
lihes of the fronts of the risers. No. 2, the Elevation, shows the sections or ends of the steps. 

Figure 2 represents a Dog-leoged Stair with winders, connecting the two straight flights. 
No. 1 is the Plan, showing the areas of the treads of the steps, as before. No. S, the Ele- 
vation, shows the ends of the steps in the two flights, and the risers in both quarters of the 
winders. 

148. It is proper to remark that, in the best dog-Jegged stairs, the nosings are returned, and 
sometimes the risers mitred to the brackets, and sometimes mitred with quaker-strings. In this, 
case, a hollow must be mitred round the internal angle of the under side of the tread and face 
of the riser. Sometimes the string is firamed into a newel, and notched to receive the ends 
of the steps ; and, tt the other end, a corresponding fiotch-board, and the whole of the flyers 
are put up in the same manner as a step-ladder. 

By paying proper attention to what has here been said, a workman of good understanding 
will be able to execute such stairs, and put them up in the most sufficient manner, although he 
might never have seen one made or put up before. 



Bracketed Stairs. 

149. Here the same method of laying down the plan and section must be observed as in 
dog-legged stairs. The balusters must be neatly dovetailed into the ends of the steps, two 
dovetails being put in each, in such a manner that one of the balusters may have one of its 
faces in the same plane with the riser, and the other face in the same plane with the face of 
the bracket. 

Geometrical Stairs, 

150. The steps of Geometrical Stairs ought to be neatly fimshed, so Aat they may present s 
handsome appearance. The riser and step-boards ought not to be less than one inch and / 
quarter thick. The risers and step-boards ought to be well glued and secured together, wit 
blockings glued in the internal angles. When the steps are set, the risers and step-boar 
mustlbe fixed together by screws, passing from the under side of each horizontal part into t 
riser. The brackets must be mitred to the risers ; and the nosings, with a cavetto undemes 
should be returned upon the brackets, and stopped upon the • string-board. The under r 
may be finished with lath and plaster. In many old buildings, where the principal sturs i 
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HAN D-RAILl N G. 



157. The Hamd-rail of a Stair is a rail which is put up, in order to preyent accidents, by 
fidling into or through the well-hole, and to take hold of as a guide, in the ascent or descent of 
the staircase. 

168. A general idea of the nature of hand-railing may be derived from considering the parts 
of that for a geometrical staircase, plate LXXIV; we shall then treat of the hand^nuls for 
Dog-legged Staircases, and afterwards of the more difficult kinds of curvilinear Hand-railing. 

169. Figure 1, plate LXXIV, is the representation of a Geometrical Staircase, consisting 
of a series of flyers between two quarters of winders. lig. 1 is the plan, and ^. 2, the 
Elevation. 

Fig. 3 is the developement of the ends of the steps next to the waU. This is found by ex* 
tending the base-line upon a straight line; as AB, ^g. 1, upon AB, Jig. 8; the arc BC, ^g. 1, 
upon BC, Jig. 3 ; the straight line, CD, fig. 1, upon CD, Jig. 3 ; DE, Jig. 1, upon DE, fig. 3 ; 
and EF, fig. 1, upon EF, fig. 3 : so that ABCDEF, fig. 3, will be the line ABCDEF, fig. I, 
extended in a straight line. Through all the points of division draw lines perpendicular to AF. 
Set the heights of die steps upon the perpendicular line FG, and through the points of dividon 
draw lines parallel to AF ; then the horizontal parts meeting their corresponding heights will 
form the steps. 

Figure 4 is a developement of the scroll and the steps, and rail next to the well-hole, found 
exactly in the same manner as that of the wall-line, fig. 3. 

These developements are of the greatest utility to the workman, as they enable him to deter- 
mine the proper form for the rail and the soffit, so as to make them change their directions in 
the most agreeable and easy manner. Wherever there is an angle, that angle must be reduced 
by taking it off m the form of a curve, which is more pleasant to the eye than a sudden change 
in the direction of the line. The taking away of an angle, either of the rail or string-board, is 
called by workmen the easings of the rail, or of the string. 

Figure 5 is the Plan of the Scroll to about one-sixth part of the real size. 

Figure 6, the side Elevation of the Scroll. 

Figure 7, the wreath or twisted part, at the turn of the rail above, between the winders and 
the upper flight of steps. 

A Method of describing the Section of a Hand-Rail and its Mitre-Capfor 

Dog-legged Stairs. 

160. The hand-rails of stairs may be of various forms, but a very convenient form for tb 
hand may be described as follows: Draw the straight line ab, and make it equal in length 
the breadth of the nul. Bisect a 6 by the perpendicular i G, cutting abatw; make to i eqi 
^^n.8evenths of the depth of the rail, and w d equal to five-sevenths of the said depth. Dr 

'^ ^1. Produce di to c, and make wc equal to wd. From d, with 

* **" «6. and produce it 6 to ^. Drawee/, cutting a6f 
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fiill size, as one-half or one-third, which will supersede the necessity of drawing it to the M 
' size on a floor. It must, however, be observed that the thickness of stuff fimnd by this Me- 

thod is what will completely square the wreath or piece. But, as the ferm of the nSl is nem 
square, the section being more or less round or oval, hence mudi thinner stuff may be made to 
j answer the purpose ; so that, generally, for rails of the common size of 2| or Hi inches thiek, 

j instead of requiring a three-inch plank, one of two and a half may be made to answer dii 

j purpose. The economy of material is therefore very considerable. 



I Definitions. 

166. The mould, which, in the old method, was used for forming the wieadis, andiiitkif 
the rail together, is now of no other use than merely to help the conception of the leamen k 
this cai^ we shall still be obliged to use the idea of such a mould. It was caDed by worioHB 
a CTLiNDER} whatever might be the form of the base or right section; but, as the wwd cylindsr 
is used to define a geometrical solid, and has had the sanction of die learned for upwards of 
two thousand years, we must not use the word cylinder in two different senses without some 
word of qualification; as, otherwise, it will be impossible to know which. of the two bodies ii 
meant. We shall therefore call the cylinder used by workmen a warking'Cylinder. 

167. Supposing the working-cylinder to be covered with a thin pliable substance, as papei^ 
afid to be inserted in the weHrhole^ as if it were a solid newel, and the planes of the risers and 
treads to be continued, so as to intersect the covering ; the indented line, formed by the inftar' 
sections of the risers and treads, in the developement of the covering, supposing it extended si) 
a plane, is called the envelope of the well-hole. 

168. The straight line formed on the envelope by the base of the cylinder id called the bate 
; of the envelope. 

I 169. The line passing through the points of the external angles, on the developement of the 

9teps, is called the line of nosings. 

r 
I 

f THE THEORY OF HAND-RAILING. 

170. Suppose any line to be drawn on the sur&ce of the working-cylind^^ and the worimig- 
cylinder to be cut entirely through, from this line to the opposite surface, so that a straight line, 
passing through any point of the line, drawn perpendicular to the sur&ce, will coincide wi^ 
the section made by cutting the solid, through the line thus drawn ; every such line will be parsl- 
lel to the base of the working-cylinder. ' 

Suppose, the upper portion of the working-cylinder, separated from the lower, to be re- 
moved, and the lower to be inserted in the well-hole ; then, if the sur&CQ of separation eoiii- 
cide with the nosings of the steps, while the base rests on the floor ; and, if we again suppose 
the whole to be elevated to a certain height without turning, so that the base may be paraOel 
to the floor, the surface of separation vrill form the top of the hand-rail in the square ; and 
the two vertical sides of the hand-rail will be a portion of the vertical sur&oes of the working- 
cylinder. 

Again, suppose that, while the portion of the wjorking-cylinder, thus formed, remains in the 
situation now described, another portion next to the top is again separated bom the lower por- 
tion, but not removed, in such a manner that the uppermost part may be every where of a 
certain thickness between the surfaces of separation ; the upper pert^ thus separated, wouQ 
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exactly form the hand-rail in the square ; and this is the solid which we would wish to form, first 
in parts, and then to put the parts together, so as to constitute the whole Helix, or screw-formed 
soKd, as if it had been cut out of the solid of the working-cylinder, 

171. The form of the solid helix, now defined, is called by wortmen a square rail; (he 
method of preparing the rail, in parts, of this form, is called the squaring of the rail. 

The square rail is therefore contained between two opposite surfaces, which are portions of 
the surfaces of the working-cylinder, and two other winding-surfaces, contained between each 
pair of curves of the helix. 

173. The Plan of a Hand-rail is the space or area which the base of the working-cylinder 
would occupy on the floor. This area is therefore bounded by two equi-distant lines, on which 
each of the working-cylindric surfeces stand erect, and the breadth of the space between these 
two equi-distant hnes is called the breadth of the rail. 

173. The Story-Rod is a rod of wood, e<]ual in length to the height of the stairs, or the 
distance between the surface of one floor and that of another. It is divided into as many 
equal parts as the number of steps in the height of the story : its use is to try the steps as they 
are carried up, 

174. For the conveniency of forming a squaie-rail out of the least quantity of stufl^, and in 
the shortest time, the rail is made in various lengths ; so that, when joined together, the whole 
may form the solid intended. 

If the rail, thus joined, be set in its true position, and if the joints be in planes perpen- 
dicular to the horizon, and to the surface of the working cylinder, the joints are called spliee- 
joittls. But if each joint be in a plane perpendicular to one of the arrises, the joint is called a 
but-joint. 

175. It is evident that any portion of a hand-rail may be made of plank -wood of suflicient 
tfaickaess and length : because such a portion of the roil may be considered as a portion of the 
working-cylinder, contained between two parallel planes, which may ropresent the faces of the 
plank ; and the two sections of the working-cylinder, made on these planes, will represent a 
mould to draw the same upon the surfaces of the plank : then, if the surrounding wood be cut 
away in the same manner, the yertical sides of the rail will be formed agreeably to the defi- 
nitions which we have given. 

176; A mould made to the form of a section of the working-cylinder is called a face-moultl. 
I 177, A mould made to cover one of the vertical surfaces of a square rail is called a Jailing- 
mid. A falling-mould made to cover the convex surface of the square rail is called the convex 
falling-mould; and that which is made to fit the concave surface is called the concave falling' 
mould. The form of the falling-moulds can be ascertained by geometrical rules ; and, conse- 
quently, if the proper portion of the falling-mould be rightly apphed to the rail-piece, when 
cut out of the plank, and if lines be drawn by the two edges of the falling-mould, and the 
superfluous wood cut away, so as to be every where perpendicular to tire surface of the work- 
ing-cylinder, that portion of the raij will be formed. 

178. The Scroll is the termination of the hand-rail of a geometrical stair, in the form of a 
spiral, and is placed above the curtail-step, which is made to correspond with the scroll, 
^^H 179. Balusters are vertical pieces of cither a plain or an ornamental kind, which are fiied 
^^Bd the steps for supporting the hand-rail. In straight flights, the balusters are placed equi- 
^^Hbtant, and when plain square balusters are used, so that every step may have two balusters ; 
^^^nd that one side of each baluster may be in the plane of each riser, luid the whole thickness 
^^^pf each baluster so placed that it may stand within the solid of the riser. 
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In order to keep the hand-rail steady, and to provide against accidental violence, iron balusters 
must be inserted into the range, at equal distances, and strongly fixed to the steps. In common 
stairs, ivhere wooden balusters only are used, the balusters are placed against the nosings, and 
let into the step-board below; and, being fS^tened to the nosings with nails, will be very secure. 

180. The Ramp, in a dog-legged and open-newel staircase, is the upper end of a hand-rail 
adjoining to the newel, formed, on the upper side, into a concavity, but straight with regard to 
the plan. 

181. A Swan-neck, in dog-legged and open-newelled staircases, is a portion of the rail, con- 
sisting of two parts, the lower being concave and the upper convex on the top, and terminating 
in a framed newel, so as to be parallel to the horizon. (See Art, 162.) 

182. A Knee, in a dog-legged and open-newelled staircase, is the lower end of a hand-rail^ 
next to the newel, formed either into a concavity on the upper side, or made to terminate upon 
the newel with a short level, mitred into the raking or sloping part of the rail, which follows 
the curvature of the steps. 

The same part of a rail may therefore be both ramped and knee'd\ that is, ramped at the upper 
end, and knee'd at the lower ; or it may be swan-necked at the upper end, and knee'd at the lower. 

183. When there is any sudden rise in the balusters, the top of the rail ought to be kept to 
the same height throughout, as nearly as possible ; but, should the height of the steps lead the 
top of the rail to irregularity, in the curvature of the rail, the line of fall must be rendered 
agreeable, by taking away the angles, and reducing the whole to a uniform curve. These curves 
are called the casings of the rail. By this mean, the irregularities which the hand would feel, 
in passing along the back o£ the rail, will be removed, and it will pass along agreeably instead of 
being suddenly interrupted at every junction. When the risers of three or more steps terminate 
in the same vertical line, in order to connetct the lower and upper ends of the rail in the most 
agreeable manner, the intermediate part will require to be ramped, as is done in dog-legged stair- 
cases. But where not more than two risers terminate in the vertical line, the rail is frequently 
continued, so as to form an elbow in the intermediate part, in such a manner, that the top of 
the three parts thus connected may be all in one plane ; which will be as pleasant to the eye as 
it is convenient; since the parts, thus joined, may be cut out of the thinnest wood possible. 

To fix the rail in such a position as to differ the least from being parallel to the line of 
nosings, or the string-bqard, the top over the upper part may be depressed half the height of 
a step, while that over the lower part may be as much elevated ; so that, though the rail may 
not be entirely parallel with the line of the nosings, the lower part rising higher as it advances 
towards the abrupt change in the line of nosings, and the upper part approaching nearer to the 
line of nosings, as it is more remote from abrupt change^ the whole appearance will be more 
agreeable to the eye. 

These rules were laid down by Mr. Nicholson ; and he farther remarks, where winders are 
necessary, and the well-hole very small, the top of the rail must be kept higher over the winders 
than over the straight part ; as, otherwise, the person who ascends or descends will be in danger 
of tumbling over into the well of the stairs. 

And also, that the rise of the rail, over the circular plan, cannot be regulated by geometrical 
principles, but must be left to the discretion of the workman. The rail ought not to be raised 
to any considerable degree over the winders, imless in very extreme cases, as it occasions not 
only a deformity in the fall of the rail, but a great inconvenience to the workman^ by obliging 
him to prepare the semi-circular part of the rail to different face-moulds ; whereas the same 
moulds might be alike applied to both parts of the rail. Where this practiqp is necessary, the 
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easing of the rail, at the' upper end, will be over the circular part of the plan ; while that at 
the lower end will be entirely on the straight part below the winders ; and thus, as it occasions 
the upper part to have less slope than the lower, so. it occasions also the face-mould of the 
upper part to be considerably shorter than that of the lower part. 

184. We, however, have been long in possession of a very simple cuid accurate principle of 
adjusting the height of the rail at any point. It consists in making the rail every where at an 
equal height above the middle of the breadth of the step^ and where the ends of the steps are 
narrower than the proper breadth, at tlie same height above the nosings. When this principle 
is followed, the rail rises sufficiently for protection over the circular psCrt of the plan, and yet so 
luiiformly as to be agreeable, and if we attend to the place of the hand in ascending or de*^ 
scending a stair, we easily perceive that it must be at a mean between the heights above the 
fronts of any two adjoining steps, and therefore our rule is founded on just principles. 

The proper height for . the top of a hand*rail above the level-landing of a staircase is 
40 inches, and the top of the rail should be 40 inches, less the height of a step, above the 
middle of the breadth of each step, when measured in a vertical line. Thus, if the height of 
a step of the stairs be 7 inches, the top of the rail should be 33 inches above the middle of the 
breadth of the step. 

185. To FIND THE Section of a Cylinder, when it is cut by a plane perpendicular to a 
given plane, which is parallel to the axis of the cylinder. (See fig. 1, pi. LXXFI.) 

Let ABC (fg. 1,) be the base, and ACRP the plane parallel to, or passing along, its axis, 
and PR the line of section. 

In ABC take any number of points, e,fg, and draw the lines he, ifjg, &c., parallel to 
AP or CR, cutting AC in o, 6, c, rf, &c., and PR in A, i,^*, k, &c. : perpendicular to PR draw 
hlf im,jn, ko, &c. Make hl,im,jn, &c., respectively equal to ae, bfcg, &c. Through all 
the points /, i?t, n, o, ftc, draw a curve, which will be the section required. 

If the cylinder be hollow, the inner curve will be described in the same manner. 

186. When the plane of section makes an acute angle with the given plane, as in fig. 2, 
plate LXXVI. 

Let STU (fig. 3, No. 2,) be the angle at which the cylinder is to be cut. Draw DU parallel 
to ST, at that distance from ST which is equal to the radius of the semi-circular base. Draw 
Br, in No. 1, parallel to AC, and parallel to PR draw the dotted line X, at the distance TV 
(No. 2,) from PR. From the centre, Z, of the semi-circle, draw ZW, parallel to AP or CR, 
cutting PR in W. From W draw WX parallel to AC, to meet the dotted line in some point 
X, and draw Xr parallel to AP or CR. Join Z r ; and draw XY perpendicular to PR. From 
W, with the radius Zr, describe an arc, cutting XY at Y, and join WY. 

In the arc ABC take any number of points, c,f, g, &c., and parallel to Zr draw the ordi- 
nates eq,fA, go, &c., cutting AC in a. A, c, &c. From the points a. A, c, &c., draw ah, 
A I, cj, &c., parallel to AP or CR, cutting PR inA, t,^', &c. Draw hl,im,jn, &c., parallel to 
WY, and make ///, im,Jn, &c., respectively equal to ae,fb, eg: then, through all the points 
I, m, n, &c., draw a curve, and it will be the section required. 

If the cylinder be hollow, the inside curve will be traced in the same manner, and from the 
same parallels Z r and W Y, and by the very same ordinates ; only observing the points where 
the inner semi-circle cuts these ordinates. 

Upon the principle here shown, the sections o( figures 3 and 4 are to be found : both these 
figures are segments of cylinders ; fig. 3 being cut at an obtuse angle, and fig. 4, at an 
acute angle. 
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187. To FIND THE SECTION OF A CYLINDER, or of any solid of which the sections paraUel 
to the base are every where the same, so as to pass through three given points in its surface, 
ifigure 1, plate LXXVII.) 

Let the places of the three given points be ABC, in the plan or base ABC of the cyUnder, 
and let ADEC be a plane' standing perpendicularly upon the plan, and coinciding with the 
points AC* 

Join the points A and C« by the straight line AC, and produce AC to F, and draw BH 
parallel to AF. Draw AD, B6, and CE, perpendicular to AF or BH. Make AD equal to 
the height of the point, over its plabe A, on the plan ; BG equal to the height of the point 
over its plan B ; and CE equal to the height of the point over its plan C. Join DE, and pro- 
duce DE to F. Draw GH parallel to DF ; and, through the points H and F, draw FL 

In AF take any point, J, and draw JI perpendicular to AF ; and draw JK perpendicular to DF. 
From J, as a centre, with the radius J( describe the arc 2m, cutting AF in m, and join ml. 

In the base ABC take any number of points, a, b, c, d^ &c., and draw the lines ae, hf, eg, dh, 
&c., parallel to FI, cutting AF in the points ^,/, g. A, &c. 

Draw ei,fj, gh hi, &c., parallel to AD, BG, or CE, cutting DE in i,^*, *, I, &c. Through 
the points %,j, *, h draw ip^jq^ Icr, Is, &c., parallel to Im, and make ip^jq, kr, Is, &c., each 
respectively equal, to ea,fb,gc, kd, &c.; then, through the points E,jp, q,r,s, &c., draw a 
ciurve, which will be the section of the cylinder as required. 

The angle J ml is that which the plane of section now found, makes with the vertical plane 
ADEC. 

188. Another method of finding the section of a prismatic solid, which is to pass through 
three given points in its surface. 

Let ABC be the plan of the points, and draw a line through the most distant ones, as AC, 
then from each of the points erect a perpendicular to that line, and make each of these equal to 
the height of the corresponding point above the base ; the points thus found will be DGE. 
Through A|B and D,G, draw lines and produce them till they meet at H ; also, draw a line 
through DE, to meet AC in F, and draw FH. 

Draw AK perpendicular to FH, and from the points A, a, b, c, &c., in the base, draw lines 
paraUel to KH ; cutting AK in e,/, g, &c. Make AI equal to AD, and join IK, cutting the 
parallels in i, k, I, &c. ; then, from the points i, k, I, &c., draw lines or ordinates perpendicular 
to IK, and make ip equal to ae, ^; equal to b/, &c. ; then the curve drawn through the pomts 
I, p, q, r, &C., is the section required. 

We give this new method, because it is more direct and obvious than the preceding one of 
Nicholson's. 

189. The whole of the art of hand-railing depends on finding the section of a cylinder to 
pass through three given points on its surface ; the reader is therefore requested^* to under- 
stand this thoroughly, before he actually commences his study upon hand-rails ; for, if the 
principles are not comprehended, he will always be in difficulties, and liable to spoil his work. 

The hand-rail of a stair is made in various lengths, and each portion is got out upon the 
principle of its being the section of a cylinder, and is cut out of a plank not exceeding two and 
a half inches in thickness. It would not be practicable to get a rail out in pieces for more than 
a quarter of a circle : a portion of the rail got out in one length, answering to the semi-circum- 
ference of the plan, would require a very great thickness of stuff; how much more then would 
a whole circumference require ? for the thickness of stuff" increases in a much more rapid ratio 
than the circumference. 
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190. Figure S (plate LXXVII^ is the method of drawing a curve, which shall touch two 
straight lines, AB, BC, in two given points A and C. 

Divide AB, BC, each into any number of equal parts ; beginning at A and B, draw the 
straight lines 11, SS, 3S, 44, &c., through the corresponding points of division, and the lines 
thus drawn will be tangents to the curve. 

The reducing of a piece of wood from an angular to a curved form is called by workmen the 
easing off the angle. 

Figure 4 is an application of this to the hand-rail of a stair. 

Figure 5 shows how the same may be done when AB and BC are unequal. 

Figure 6 is another method of easing the rail at an angle. Let ABC be the angle, and let it 
be required to round it in a very small degree. 

Make Bd equal to Be. From d draw d/* perpendicular to AB, and e/ perpendicular to BC. 
From /, with the radius fd or fg^ describe the arcs de and g A, which will form what workmen 
call a knee in the rail. 



THB METHOD OF DRAWING SCROLLS FOR HAND-RAILS. ANSWERING TO EVERT 

DRSCRIFTION OF STAIRS. 

191. First, let it be required to describe a spiral to any number of revolutions, between two 
^ven points, in a given radius. 

Let E (fig. 1, pi. LXXVJII,) be the centre, EB the given radius, and let the two given 
points be A and B, between which it is required to draw any number of revolutions. 

Divide AB into two equal parts, in the point C, and divide AC or CB into equal parts, con- 
sisting of one part more than the number of revolutions ; then, in the line EB, make EF and 
EI each equal to the half of one of these parts ; then, upon FI, construct the square FGHI. 
Draw GE and HE. Divide GE and HE into as many equal parts as the spiral is to have 
revolutions ; through these points construct as many squares, of which one side will be in the 
line FI, and the other sides terminate in the lines GE and HE; then the angular points of 
the outer square will be the centres for the first revolution, the angular points of the next less 
square the centres for the second revolution ; the angular points of the next less square will be 
the centres for the third revolution, and so on ; one quadrant of a circle, which is one quarter of 
a revolution, being described at a time. 

To apply this to the present example, which is to have two revolutions, divide, therefore, AB 
into two equal parts, as before, in the point C, and divide AC or CB into three equal parts ; 
that is, into one part more than the number of revolutions. Make EF and EI each equal to 
half a part, and on FI describe the square FGHI. Join GE and HE, and divide GE or HE 
into two equal parts, being as many as the number of revolutions, and complete the inner square 
klmn. Produce FG to Q. 

From the centre, F, with the distance FB, describe the quadrant BQ. 

Produce GH to R ; then, from the centre G, with the radius GQ, describe the arc QR. 

Produce HI to S ; ihen, from the centre H, and, with the radius HS, describe the arc RS. 

From the centre I, with the radius IS, describe the quadrant ST ; which finishes the first 
revolution of the spiral. 

Again, produce kltoV, Im to V, mn to W; then, from k with the radius kT describe the 
arc TU ; from /, with the radius /U, describe the arc UV ; firom im» with the radius m V, describe 

21. 21 
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the arc V W; from i^ with the zadiuft n W, describe the arc WA| which will coixqilete the aecond 
revolution, and terminate in the point A, as r^uired. 

192. To draw the second spilrali and thereby to make the scroll complete* — In the atraig^tliiie 
EB set Bp towards E, equal to the breadth of the rail; then from F, with the radiut Vp, de- 
scribe the arc pq; from G, with the radius G^, describe the arc qr\ from H, with the radius 
Hr, describe the arc rs; from I, with the radius I^, describe the arc As, which wiU complete 
the scroll. 

The whole breadth of this scroll, as now drawn by the scale, b about twelve indies and five- 
eighths of an inch, and is intended for a very large step. The breadth oi the sctoU, Jig* S, is 
ten inches and a half; the breadth of the next scroll, not shown here, is eight indies aad Ihree- 
eighths of an inch ; which will be a proper breadth for an ordinary-sised step* The breadth of 
^. 3 is six inches and seven-eighths of an inch ; which is applicable to handH»ik where there 
is very little room. 

All these scrolls are only portions of the great scroll. Jig. 1, and show that one mould nay 
be made so as to answer any number of revolutions ; these scroUs are all dra^ from the same 
centres as that of Jig. 1. Fig. 1 consists of eight quadrants ; ^^. 2 of seven quadrants: the 
other, consisting of seven quadrants, is not shown, from want of room. Fig. 3 oonrists of fite 
quadrants ; and Jig. 4, of four quadrants, and may be drawn, independent of Jig. 1, by the veiy 
same rule, which must be adapted to one revolution : divide AB into two equal parts, in the point 
C, as befisre. Divide AC into two equal parts, that is, into one- part more than the mnnber of 
revolutions ; because it is to consist of only one revolution. Then, making E the iniddle of the 
side of the square, describe the square 12S4. From the centre t, with the radius IB, describe 
the arc BQ ; from the centre S, with the radius SQ, describe the arc QR; from the centre S, 
with the radius SR, describe the arc RS ; and, from the centre 4, witix the radius 4S, describe 
the tfrc SA, which will complete the scroll, as required. 

F^. 5 shows the construction of the centre for three revolutions, drawn to a larger scale. 

TO FIND THE MOULDS FOR EXECUTING A HAND-RAIL. 

193. Let /^. 1, pi. LXXIX, be the plan of the rail; AB and DE be the straight parts;. 
BCD the circular part, which is divided into equal parts by the point C ; and, consequently^ 
BC and CD are each quadrants. 

To Construct the Falling-Mould. 

194. In Jig. 2 draw the straight line AB ; and through A draw CE, perpendicular to ABr 
Make AC and AE each equal to the stretch-out of the quadrant BC or CD, {Jg. 1,) together 
with the breadth Bg* or DA of a flyer. Draw CD (Jig. 2,) parallel to AB. Make CD equal 
to the height of twelve steps ; that is, equal to the ten winders, together with the breadth of 
the two flyers, one on each side of the winders. Make EA equal to the breadth of one of the 
flyers, and draw hi perpendicular to CE, and make hi equal to the height of a step. Join lE. 
In like manner, in the straight line CD, make D^' equal to the height of a step. Draw j£ pa- 
rallel to CE, and make^'A equal to the breadth of one of the flyers. Join HJc, and ki. 

As it is customary with some workmen to raise the rail higher upon the winders than upon 
the straight part, though not necessary, draw Im parallel to £i, at such a height as the j^orkmen 
may think proper. Makefw, aio, mp\ each equal to i»E; then ease or reduce each of the 
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angles Ino and pmE to curves nwo,pg'E, by the methods described in art. 190; then draw a 
line rttuv parallel to DnwopgE, comprehending a distance equal to the depth of the rail, 
and this coin[Jetes the falling-mould of the rail. 



To find the Face-Mould of the Rail. 

196. For the convenience of joining, a small portion of the straight rail ia formed in the same 
'piece with the wreath, or twist, for each quadrant of the rail; and the length of this straight 
part is usually made about three inches, therefore set ofFBe and T>/, Jig. I, each equal to three 
inches. Transfer this distance to ix and lit/, Jig. 2. 

In Jtg. 2, draw xu perpendicular to CE, cutting the upper edge of the /aDing-mould at u ; 
also draw ysF perpendicular to CE, cutting the under edge of the falling-mould at n, and the 
upper edge of the same at ;:. 

Through any point F draw FB, parallel to CE, and divide A s, and FB, each uito two equal 
parts at the points G, H. Draw GO perpendicular to CE, cutting the top of the rail at c, and 
draw Ho perpendicular to FB, cutting the under edge of the rail at o. 

in^g. 3 lay down the plan fcr one quarter of the rail, ^^. 1, taking in the straight part. 
ABC, Jig. 3, being the quadrant, and CD the straight part of the rail. 

It is fbutid that, if the part of the rail over the plan ABCDFE,^. 3, were actually executed, 
that a truly plane board would touch the three points of the rail in places coindding with the 
perpendiculars erected upon the plan at the points E, B, D. 

Join EF, l^g. 3,) and produce EF to G. Draw EH, BI, and'DK, perpendicular to EG. 
Make EH equal in height to At,^g.2; BKequal to Gc, ^g'. 2; and DK equal to xu,Jig.% 
Join ED, and produce ED to L, Draw BM parallel to EL. Join HK, and produce HK, 
meeting ED in L; and draw IM parallel to HL, meeting BM in M. Join ML, and produce 
ML to meet EG in G. In GM, take any point, q, and draw p q perpendicular to EG, cutting 

hEG in p ; and draw pr perpendicular to HG. From G, with the radius Gq, describe an arc 
tutting pr in r ; join G r. fn the curve AC take any number of points, a, b, e, &c., and draw 
md.be,cj, Sec, parallel to GM, cutting EG in the points, rf,ff,/, &c. 
Draw dg, eh,Ji, &.C., perpendicular to EG, cutting HG in the points, g,h,i, &c.* Draw 
gh, hi, im, &c., parallel to Gr. Make gk, hi, in, &c., each respectively equal to Ha, eb,/ct 
&c. ; and, through all the points, k, I, m, &c., draw n curve, which will give the outer edge of the 
face-mould. The inner edge, q, r, s, &c., is found in the very mne manner : vir. by trans- 
ferring the orJinates Hn, eo.fp, &c., to gq, hr, is, &c., and drawing the curve qn, which it 
I the inner edge of the face-mould. 

Though the same principle serves to find the straight part of the rail, as well as the circular 
part, the straight part of the face-mould will be more accurately ascertained thus : Let FD 
(Jig. 3,) he the end of the straight part on the plan, and Cn the line which divides the straight 
and circular parts of the rail. 

Through the points nCD draw the ordinates tid, Cv, and T>s, parallel to GM, cutting EG 
in the points d, r, »■ Dr&v dg,vA, andzB, parallel to EH, cutting HG in the points g, /?, B. 
Draw gq, Au, and Bl, parallel to Gr. Make^^ equal to tin. An etjual to uC, and B/ equal 
to » D. Draw F C parallel to EH, cutting HG in C. Join Cq and Cl. Draw q u parallel to 
Ct, and < M parallel to Cq; tlien Cguf will be tliat portion of the face-mould answering to the 
Btraight part »CDF on the plan. 
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The joint-line of the face-mould will be vexy accurately found thus : 

Produce {fig. S) GE to w. Draw Aio parallel to MG, and wx parallel to EH, cuttmg GH 
produced in x. Draw xy parallel to Gr, and make xy equal to to A ; and by this method the 
whole of the face-mould b found in the most accurate manner. 

196. The mould for the other part may be found in a simOar manner : it is, however* proper 
to remark, that the operation is inverted for the conveniency of finding the mould firom the 
under side of the falling-mould, instead of from tlie upper side. But we shall here take the 
opportunity of showing a different method. 

In fig. 4, draw the plan ABDFE, and let the resting points be F, B, D. Join DF, and 
produce DF to L. From the resting points F, B, D, draw lines parallel to each other in any 
convenient direction, as FI, BG, and DH ; and make the lines FI, BG, DH, respectively equal 
BI, Ho, Fn, in fig. 2. Then, through the points IH, draw a line to meet the line FD in L ; 
also, through the points IG draw a line to meet another drawn through the points FB, the 
point of meeting being K, and join LK.* 

Through E, draw OP perpendicular to KL ; and from F draw ¥cg parallel to KL, and make 
eg equal to FI, and draw the line Og. 

In the curve take any number of points. A, a, 6, &c., and from each point draw lines parallel 
to KL, to meet Oginp,g, h, &c., and from each of the points thius found in the line Og, draw 
perpendiculars, as pifgrn^hl, &c. ; then make pk equal to PA^gm equal to cF, hi equal to 
da^ &c., by which means any number of points may be found through which the curved lines of 
the mould may be drawn. • 

The joint-line will be found most accurately by producing AF to meet OP as in ^, draw tu 
parallel to KL, and join uk, which is the direction of the joint as required. 

We have npw placed it in the Joiner's power to contrast the two methods, both in point of 
simplicity of operation, and accuracy of determination. 

TO FIND THE MOULDS FOR EXECUTING A HAND-RAIL ROUND A SEMI-CTLINDRIC 
WELL-HOLE, WITH FOUR WINDERS IN ONE QUARTER, THE OTHER BEING FLAT, AND 
FLYERS ABOVE AND BELOW. 

I 

197. To find the Falling Mould, (fig. 1, pi. XXXX.)— Draw the straight line JI, in which 
take any point, d, and draw dC perpendicular to JI. In dC make dt equal to the greater 
radius of the plan of the rail, and, through /, draw a 6 parallel to JI. From the centre /, with 
the radius id, describe the semi-circle adb. In /C make t\J equal to tb, together with three- 
fourths of tb. Join Va and \Jb. Produce Ua to meet JI in T, and U6 to meet JI in H; 
then TH is the rail stretched out on the plan, being an example of the method shown in art. 46, 
Carpentry. In JI make HI equal to the breadth of one of the flyers. Draw HG perpendicular 
to HI, and make HG equal to the height of a step, and join GI. Make TJ equal to the 
breadth of two of the flyers. 

Draw JN perpendicular to JI. In JN make JK equal to the height of a step, K4 equal to 
tlie height of four steps, KL equal to the height of five steps, KM equal to the height of six 
steps, and KN equal to the height of seven steps. Draw 4/ parallel to JI, meeting dC in /. 

• The proceu is more neat and simple when from the point u a line u2 is drawn paraUel to TB,ftg» 8, and AI, BQ,ftg, 4, 
are made respectively tqaal to 21, and lO, for then the poinU L and D coincide. We shall have occatton to gire other 
examples where this simplification is adopted. 
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Draw lie parallel to JI, and Te perpendicular to JI. Draw MA parallel to lie, and make M A 
equal to the breadth of a step. In Le make L^ and ge each equal to the breadth of a step ; 
and join NA and he. Join also ?i/ ani/G. Produce h/ to Wy and draw wQ parallel to /G. 
In the lines wh and wQ make wu and wv each equal to the hypothenuse of a step. Draw the 
curve uv to touch the straight lines trA and wQ, in u and v. The same being done below, 
where the two straight lines join at Q, the crooked line NAi^vSZ will be the under edge of the 
falling-mould. From the under edge of the falling-mould draw a line, at the distance of the 
depth of the rail above it, and the falling-mould will be coiflplete. 

198. To find the Face-Mouldy {fig. 2.) — Here nape is the convex side of the rail, being 
one quadrant, and pc, sl tangent at p, being a portion of the straight part. 

Through C, fig. 1, draw AC perpendicular to dC, and make CA equal to the stretch-out or 
developement of the curve-line cpan, fig. 2. Let dC intersect the under edge of the falling- 
mould in X. Bisect AC in B, and draw BP and AO parallel to CX, meeting the under edge 
of the falling-mould in the points P, Q.* 

Having completed the inner line of the plan, fig. 2, draw the chord-line eg. Draw the lines 
^y> abycdy perpendicular to eg\ ab being drawn through the centre q. Make ef^fig. 3, equal 
to CX, fig. 1 ; aft, fig. 2, equal to BP, fig. 1 ; erf, fig. 2, equal to AO, fig. 1. In fig. 2, join 
«c, and draw a I parallel to ec. Join fid: and produce fd to meet ecinm. Draw bl parallel 
to /i7t, and join Im, which produce to g. In Ig take any point. A, and draw ki perpendicular 
to eg, meeting eg in i. Join fg ; and draw ik perpendicular to fg. From g, with the radius 
^A, describe an arc intersecting ih in A ; and join ^A. 

In eg take any point, r. Draw rt parallel to gl, intersecting the inner curve of the plan of 
the rail in s, and the outer curve in t. Draw rR parallel to ef, meeting fg in R, and RT 
parallel to gh. In RT make RS equal to rs, and RT equal to rt; then will S be a point in the 
ooncave curve of the face-mould, and T a point in the convex curve of the face-mould. In the 
same manner we may find as many points as are necessary, and by this means complete the whole 
face-mould. 

In the same manner, by means of the three lines DX, ER, FS, fig. 1, we may construct the 
face-mould, fig. 3, in every respect similar to that in fig. 2. 

Then the face-mould, fig. 3, applies to the lower half where there are winders, and fig. 2, to 
the upper half. 

TO FIND THE MOULDS FOR A SEMI-CIRCULAR STAIR WITH A LEVEL LANDING. 

199. To construct the FaUing-Mould, (fig. 1, pi. LXXXI.)—Dr&w the straight line MN 
and IL perpendicular to MN, intersecting MN in K. From K, with a radius equal to that of 
the convex side of the rail, describe the semi-circle MIN. Make KiL equal to the radius, 
together with three-quarters of it. Join LM, and produce LM to B ; and join LN, which 
produce to C : then BC is equal to the developement of the semi-circumference of the winders. 
(See art. 46, Carpentry,) Proceed and complete the falling-mould as in the former cases. In this, 
FHG is the section of the lower flyer, DAS the section of the upper flyer, the whole height 
being three steps ; the middle part of the falling-mould between AD and HF is level. 

* Thii method grives the restingr.point a, nearly, but not accurately ; to find it correctly, draw a line parallel to ec^Jlg, S, 
to touch the curre ; or, from the centre of the circle, draw a line perpendicular to ec, and it will cut the curve in the reating- 
point. Hence, instead of biaecting AC, Jig. 1, in B, the point ought to be found by dereloping the eiact pla^e of the 
retting-point. 

21. «K 
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500. To describe the Faee^Moulds.^^Figures 2 and S exhibit the methods of tracing. out the 
face-mould. In Jig. 2 produce the straight line a5 to d; smd, through the centre Y^ draw Ye 
parallel to ad. Draw ac and YQ perpendicular to acf and Ye. Make the ^gles acd and 
YQe each equal to the angle ASD or HGF, fig. 1. Join de. Then^ to find any point in the 
face-mould. • In Ye take any pointy m, and draw mu parallel to YQ, meeting Qe in «. Find 
the line ef, as in the description of plate LXXX, art. 198 ; draw tf £ parallel to eF, and m5 
parallel to ed, intersecting the concave side of the plan in I, and the convex side in 5. Make 
«M equal to i7t/, ti E equal to i7t5 ; then M is a point in the inside curve of the face-mouldy and 
E a point in the outside curve : a sufficient number of points being thus found, the whole face- 
mould may be completed ; and the other part in the same manner. 

501. Another Method.'-^The preceding mode of obtaining the fiu^-mould requires more 
ness of plank than is necessary ; hencci we propose to show how to do it in a more econoi 
manner. 

Let ABCEF, fig. S, be the plan of one quarter, with a straight portion of the rail. Join 
AC ; for, on a little consideration, it will be evident, that all the resting-points of a plane oa the 
squared rail would be on its convex side. .From the centre, c, draw Be perpendicular .-to AC ; 
then, B is the other resting-point Let b be the place of the point B when put in the pfaoi, Jtlg** 1 ; 
and through 6, from the point L, draw a line to BC, which gives the place of b on the develope- 
ment From Z, fig. 1, draw ZE, parallel to BC. . 

From C and B, fig. S, draw lines parallel to one another, as CU, and BD ; and make CU 
equal to EU, in fig. 1, and BD equal to da, in fig. 1. Join UD, fig. S, and produce, the line 
till it meets a line drawn through the points BC ; but, if it would require a greater extent of 
paper for them to meet, as in the engraving, then draw a line A a, and another db, parallel to 
Aa ; and make the line bd in the same proportion to Aa, as bm is to an, and draw a line 
through the points dA. Produce this line, and draw Ce perpendicular to it; also, make kg 
equal to CU, and from C, through the pointy, draw the line C/. 

Then, eCf is the angle which the plane of section makes with the base or plan. Theiefore^ 
to find any point in the mould, draw a line, from the point in the plan, perpendicular to ^Cj to 
meet the line Cf, thus let it be from the point F on the plan; then draw FH perpehdicalar to 
eC, and from the point H draw HI perpendicular to Cf, and equal to GF, by which the point 
I is determined. 

To find the joint-lines, produce AF to e, and make ef perpendicular to eC; then from f, 
through T, draw a Hue, which is the line of the joint. Also, from c the centre, draw chg per- 
pendicular to eC, and^t perpendicular to/C; make gi equal to Ae, and join tC, which is 
the direction of the joint. 

502. Plate LXXXII shows the fidling-moulds and face^moulds for a rail, where the opexni^ 
of the well-hole is only three inches ; and, though the operation of finding the moulds finr 
executing the rail is exactly the same as has been shown, their forms are entirely dififerest. 
Fig. I is the plan, fig. 2 the falling-mould, and figures 3 and 4, the face-moidds ; all of which 
are found by the method described in article 194 and 195. 

Application of the Moulds to the Pktnk. 

203. The face-mould, though last found, must be first applied to the plank, in the foHowing 
manner. First, bevel the edge of the plank, according to the angle Ami, shown la Jig. I, 
plttte LXXVII, of the sections of a cylinder. Near the upper end of the bevelled e4ge apply 
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Ihe angle ADF; then apply one extreme point of the inner edge of tlie face-mould to tlie top 
of the plank, and bring it to that point of the arris* where the line intersects, and bring the 
other extreme point to the same arris; therii the under side of the face-mould coinciding with 
the face of the plank, draw a line by each edge of the mould. Apply the mould to the under 
side of the plank in the same manner : then cut away the superfluous wood on the outside of 
the lines drawn on the plank ; which being done, apply the falling-mould to the convex side of 
the piece thus formed. 

It is not easy to give such directions as to make a workman perfectly understand at once the 
application of the face-mould and falling-mould ; but, by a little practice, a perfect knowledge of 
the terms, and ruminating upon the subject, the directions here given will conduct him through 
every difficulty; and, unless a person collects his ideas into a proper train, except on self- 
evident subjeclii, the plainest directions that can be written way be mistaken. 
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HAND-RAILS OF BLLIPTICAL STAIRS. 

To find the Falling and Face-Moulds for the Hand-Ratl of an Elliplieat Stair, vihcrc the 
Slept next to the Well^koh are equally divided. 

204. Let ABCD (^^. LA'XX///, No. 1) be the plan of the external side of the rail, and a&cd 
that of the internal aide ; these two curve lines comprehending between them the breadth of the rail. 
In order to cut the rail out to the greatest advantage, or, so as to waste the least wood, it is 
iBode in three lengths AB, BC, CD ; the joints being represented by BA, Cc, Dd, the scroll 
and the adjoining part being formed of a separate piece- 
SOS. Tlie first tiling to be done, as in all other cases of this kind, is, to find the falling-mould. 
For this purpose, let AB, No. 2, be the stretch-out of the hne AB on the plan ; and mnke AB, 
BE, in the proportion of any number of steps to their height, and draw the line AE. Then 
draw (ic, at such a distance from AE, that AE, ae, may comprehend between tliem the thick- 
ness of the rail. In like manner, draw BC, No. 3, equal to ihe stretch-out of BC on the plan, 
and make BC to CF as the tread of any number of steps next to the well-hole is to their height, 
and draw bf parallel to BF, su that BF and bf may comprehend between them the entire 
thickness of wood for the rait. 

Bisect AB, No. 2, in G, and draw GH perpendicular to AB, cutting AG in tlie point H. 
Bisect BC, No. 3, in the point I, and draw IJ perpendicular to BC, cutting BF in J. Divide 
the length of the curve AB, No. I, into two equal parts in the point K ; also divide the curve BC 
into two equal ports in the point L, and divide the curve CD into two equal parts in the point 
M ; then the points a, K, B, are tlie three lesting points for the portion of the nul over AKB ; 
«nd the three resting points of the rail, over BLC, are A, L, C ; and the three resting points of 
the rail, over CMD, are c, M, D. Now, according to the falling-mould, laid down at No. 2 
and 3, the height at A, No. 2, is nothing; therefore, the height upon A, No. 1, is nothing: the 
height of the rail upon the point K, No. 1, is equal to the line GH, No. 2 ; and the height upon 
the point B, No. I, is equal to the straight line BE, No. 2. Again, since in the falling-mould. 
No. 8, the height upon B is nothmg, so the height upon B, for the rail over its plan BLC, is 
nothing; the height upon L is the line IJ, and the height upon C is the straight line CF. The 
heights upon the points e, M, D, of the rail over CMD are the same as the heighu upon the 
points a, K, B, of the rail over AKB. 

• Tbe expluMion of JrrU, sod otbct Km», oUI be foond in the Glowir; of Techaknl Tarn* ■( ibr rai. 



128 PRACTICAL JOINERY. 

Therefore, with the heights GH, BE, No. 2, find the intersections BN, No. 1, of a plane that 
would pass through the point a, and through the upper extremities of the lines erected upon K 
and B : next find CO, the intersection of a plane that would pass through the point 6, and througih 
the upper extremities of the lines standing upon L and C, and find DP, the intersection of a 
plane passing through the point c, and through the lines standing upon M and D. 

Draw any line, QN, in No. 1, perpendicular to BN. Draw any line, OS, perpendicular to 
CO, and draw any Une, PU, perpendicular to DP. Draw AR perpendicular to QN, cutting 
QN in Q ; draw BT perpendicular to OS, cutting OS in S ; and draw CV perpendicular to PU, 
cuttmg PU in U. Make QR equal to BE in No. g, ST equal to CF in No. 3, and UV equal to 
BE in No. 2. Join NR, OT, and PV. The moulds. No. 4, 5, and 6, being traced in the usual 
manner, are applied to the plank, as at No. 7, where the edge and the two adjacent sides of 
the plank are stretched out so as to be seen at once. The moulds are usually traced, as at No. 
8 ; but this position will evidently give the same thing as the method here taken, exhibited in 
No. 4, 5, and 6. 

206. To find the Face and FaUing-Moulds of the Scroll of the Hand-rail, 

Place the edge DH, plaie LXXXIV. of the pitch-board DHI, upon the side DQ of the 
shank of the scroll, as exhibited in No. 1 and No. 2. 

In DH take any number of points, e,f g, &c. ; and through these points draw lines, perpen- 
dicular to DH, cutting the convex edge of the scroll in A, i,j, and the concave edge in the points 
k, /, 171, &c. Produce the lines ke. If, mg, &c., to meet the other edge, HI, of the pitch-board in 
OfP^q. Draw the straight lines or v, /»««;, j^^x, perpendicular to HI, and make the distances 
ov,pw,qx,&c.f respectively equal to e^//, ^m, &c.; then, through all the points, «,0,ip,jr, 
&c.,'draw a curve. 

Again, make or^ps, g/, &c., respectively equal to ehtfi, gj, &c., and through the points 
n, r, 8, ty &c., draw a curve, and the two curved parts of the face-mould will be completed. ^ Draw 
cE, CH, and Dn, perpendicular to HD, meeting the edge HI of the pitch-board in the points 
E and n. Draw HG, EF, n u, perpendicular to HI. Make HG equal to HC, and draw GF 
parallel to HI ; also make nu equal to Dd', and draw « K parallel to HI; then the whole of the 
face-mould will be completed. The part IntiK is termed the shank of the face-mouldy the same 
as the part PelDQ is termed the shank of the plan of the scroll. The part Cccf PQDC is got 
out of the plank by means of the face-mould, by drawing the pitch-line on the edge of the stuff, 
then applying the mould, No. @, to both sides of the plank, so that the same point of the &ce- 
mould may agree with the pitch-line, while the shank b parallel to the edge of the plank ; then, 
the stuff being cut away, the piece, thus formed, being set up in its due position, will range to 
the plan. 

207. The Falling Moulds for the concave and convex Sides of the Rail, are to be found as 
follows : 

Suppose now that the rail is to have a continued fall to the point A, see the plan. No. I. 
Stretch out the curve ABCD, No. 1, and draw the straight line AD, No. 3, and make AD, No. 
3, equal to the curve line ABCP, No. 1. Apply the angular point of the pitch-board to some 
convenient jpoint, B, in the Uqe AD, No. 3, so that the edge may be on the line AD ; then the 
other edge, LB, will form an angle, LBA, with AD. Draw AS perpendicular to AD, and 
make AS equal to the thickness of the scroll. Draw SR parallel to AD, cutting BL in R: 
ease off the angle LRS, by means of a paraboUc curve, as shown in art. 190; and this being 
done, will form the upper edge of the falling-mould, for the convex side of the rail : then, through 
the point A, draw a curve line parallel to the upper curve; and thus the whole of the outside 
falling-mould will be completed. 
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The inside falling-mould will be found as follows: take, the stretch-out of the cunre abed, 
No. I, and draw the straight line ad. No. 4^ which make equal to the said curve. Divide AD, 
No. 3, and a d. No. 4, each into the same number of equal parts, the more the truer the work 
will be effected. We shall here suppose that sixteen equal parts will be sufficient ; therefore 
each of the lines AD, ad, being divided into sixteen parts, at the points 1, S, 3, 4^ &c. ThrdUgh 
all the points 1, S, 3, 4, &c., No 3, draw lines perpendicular to AD, cutting the upper curve at 
the points 5, 6, 7, 8, &c., and the under curve at the points, 9, 10, 11, &c. Again, through the 
points 1, 3, 3, 4, in the line ad. No. 4^ draw perpendiculars 1-5, 2-9-6, 3-10-7, 4-11-8, &c. 
Make 1-5, 2-6, 3-7, 4-8, &c., m No. 4^ respectively equal to 1-5, 2-6, 3-7, 4-8, &c.. No. 3 ; then, 
through all the points 5, 6, 7, 8, &c., draw a curve ; also draw as, in No. 4, perpendicular to ad, 
and join the point « to the curve : this being done, will complete the upper edge of the falling- 
mould, for the concave side of the rail : then, through the point a, draw another curve ; which, 
being done, will form the under line of the said falling-mould. 

The fklling-mould. No. 3, is applied to the convex side of the said piece of the wood ; and 
the other mould. No. 4, to the concave side of the said piece. The joint is made at the line Cc, 
and the remaining part of the scroll is made out of a single level block ; but part of each falling- 
mould, No. 3, and No. 4, is used as far as the line A a ; the remaining part of the block from the 
line A a being leveL 

208. In Elliptical Stairs, where the steps are not equally divided next the well-hole, the 
stretch-out of the line, representing the ends of the steps on the plan, must have the places of 
the risers marked upon it, and a perpendicular being drawn to each of these places, and made 
equal to the heif^t of the corresponding step above the plan, the line drawn through extre- 
mities of the perpendiculars will give the form of the edge of the falling-mould. 

The upper and lower edges of the falling-mould will always be a curved line when the steps 
are not equally divided at the well-hole,- but we think the extra trouble this occasions b folly 
compensated for by the stairs being so much more agreeable in use, when divided as we have 
recommended in ari. 156, Jig. 3, plate LXXIIL 

The face-moulds for steps, divided unequaUy at the well-hole, are found in the same manner 
as when they are equally divided, (see art. 205, and pi. LXXXIII,) the only differences being, 
that BF, bf, in No. 3, and AF, ae, in No. 2, are curved lines found in the manner we have 
described in the first part of this article. 

To draw the Form qf a Hand-Rail upon the Plank by continued Motion. 

209. If a plank be placed in the true position in respect to the plane of the plan, and distance 
from the centre of the well-hole ; then, if the well-hole be a part of a circle on the plan, let a 
cylindrical rod be fixed, as an axis, in the centre of the circle, and in a vertical position, with 
an arm of sufficient length that will slide up or down on the rod, and turn round on it as on an 
axis. The arm should have a slider with a pencil, in order that the point of the pencil may be 
adjusted to the proper distance from the centre ; and the hole in the arm through which the 
axis passes, should be of sufficient length to keep it truly at right angles to the rod. 

Let the pencil be adjusted to the proper distance from the centre, and commencing at the 
upper end of the plank, if the pencil be moved round the axis, it will descend and describe on 
the plank the curve of one side of the rail ; and by setting the pencil again, the other side may 
be described. By turning the pencfl point upwards, the under side of the plank may have the 
lines drawn upon it in like manner. 
«2. 2L 
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510. The form .of the rail for elliptical stairs may also be described by continued motion by 
fixing a trammel (see Carpentry, art. 8,) on Ihe top of a square bar, which bar should be made 
to slide up and down in the centre of the well-hole. 

All these contrivances are, howerer, more ezpensiye^ and generaUy more troublesome to 
the workman than the ordinary method by finding points in the curves ; though we think that 
the attempt to apply them in practice ^ves very accurate notions of the forms and properties of 
hand-rails. 

511. The curved parts of hand-rails, for either circular or elliptical well-holes, may be de- 
scribed by continued motion by the trammel, when it is placed in the same plane with the plank. 

The centre of the well-hole being found in that plane, draw a line through the centre on the 
plan, and perpendicular to the line of intersection between the plane of the plank and the plane 
of the plan ; and, from the point in which the perpendicular meets the intersecting line, draw a 
line through the centre found in the plane of the plank ; this line will be the larger axis of the 
ellipsis, the shorter one will be at right-angles to it, and the lengths are easily found by the 
methods of finding the points in the curves of hand-rails. These particulars being found, the 
portions of ellipses may be described by the trammel. 



OF FIXING JOINERS' WORK. 

S12. The methods of fixing joiners* work, so that it may be firm, preserve its form, and not 
be liable to split by shrinking, are of considerable importance ; as however well a piece of work 
may have been prepared, if it be not properly fixed, it cannot fiilfil its intended purpose in a 
manner creditable to the workman. 

We have treated very fully on the expansion and contraction of timber, in Carpentry, art. SOI, 
and those following it ; and we have also shown how timber should be cut, so that the boards 
may preserve their form, and we now have to apply the truths, .there stated, to the fixing of 
wood-work. 

Q/* Fixing Grounds. 

213. The architraves, dado, skirtings, and surbase mouldings, and, indeed, nearly aiU the 
apparent surfaces in joinery, are fixed to pieces of wood called Grounds; and, as the straight* 
ness and accuracy of these mouldings and surfaces must depend upon the care that has been 
taken to fix the grounds truly, it will appear, that fixing grounds, which is a part of^ left to 
inferior workmen, in reality requires much skill and attention. Besides, grounds are almost 
always the guide for the plasterer, and, consequently, the accuracy of hb work also depends 
on them. 

When plasterers* work joins to the edges of grounds, they should have small grooves ploughed 
in the edges, to form a key for the plaster, as is sufficientiy illustrated in the various ^ures we 
have given in the plates. 

The thickness of the grounds should be equal to the thickness of the plastering and la&s, 
and it b from three-quarters of an inch to an inch, according as the plasterers' work is done, 
in an inferior or in the best manner. 

The £eu^s and edges of grounds should be fixed exactiy plumb and level ; or, as the more 
scientific carpenters may express it, the &ces and edges should be fixed exactiy in vertical and 
horizontal planes. 
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Of Fixing Dado, Skirtings, S^c. 

214. If the piece of joiners' work to be fixed consbt of boards jointed together, but not 
firamedf it should be fixed so that it may shrink, or swell without splitting, and the quantity 
allowed for motion must depend on the dryness of the timber. 

The nature of the work will generally determine how thb may be effected. Let us suppose 
that a plain piece of dado of considerable breadth is to be fixed. Let us suppose that the dado 
has been prepared as described in art. 45, and that it is kept straight by a dovetailed key. Now 
let the dado be firmly nailed at the upper edge, and let a narrow skirting ground, with a groove 
and cross toi^e in its upper edge, be fixed to bond timbers or plugs in the wall, the tongue 
being inserted also into a corresponding groove in the lower edge of the dado. It b obvious, 
that the tongue being loose, the dado may contract or expand, as a pannel in a firame. The 
backs and elbows of windows should be fixed in the same manner. 

In the principal rooms of a mansion, the skirting is usuaUy grooved into the floor, and 
fixed only to the narrow ground, called the skirting ground. By fixing in this manner, the 
skirting never shows an open joint. Sometimes in inferior rooms the skirting is scribed and 
muled fiut to the floor, and grooved into the base-moulding, and, when either method is 
adopted, there cannot be an open joint between the skirting and floor, as is too firequently the 
case in houses. 

When it is considered, that an open joint, in such a situation, must become a receptacle for 
dust, and a harbour for insects, the importance of adopting those methods of fixing skirtings will 
be apparent 

It is a good plan to fix skirtings only in a temporary manner till a house has become seasoned, 
and all the timbers have shrunk and settled to their proper bearings ; but a due attention to the 
methods here proposed will render this precaution less necessary. 

In fixing any board that exceeds about 5 inches in width it is necessary to take precautions ta 
preyent it from splitting, or deranging the form of the work ; and, in general, it may be fixed along 
one edge, and the other may be confined by grooves or similar means, that have the property of 
allowing it to expand and contract. Sometimes both edges are left at liberty, and the board is 
fixed in the middle. Any joiner who has examined the state of work in a house, after it has been 
inhabited for about a couple of years, will be able fully to appreciate the value of an attention to 
those seemingly minute precautions. 

Wide plain sur&ces, such as landings of stairs, tops of tables, and the like, are firequently fixed 
down by buttons screwed to the under-side so as to turn into grooves in the joists, bearers, or 
firames. Then, when the wood shrinks or expands, the buttons slide a little in the grooves, and 
no sphtting takes place. 

The very general introduction of the method of ploughing tad tongueing the parts of wood- 
work together is one of the most important improvements in modem joinery ; it is an easy, effec- 
tual, and usefiil mode of combination, both in as fiur as it provides against the greatest defect 
of wood*work, its shrinkage, and the scope it affords for obtaining variety of outline at a 
comparatively small expense of either labour or materiaL 
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Of Laying Floors. 

215. In our remarks on construction, we must not omit to say a few words on laying floors, 
because it will give us an opportunity of pointing out a disfect which ndght be easily reme- 
died. The advice of Evdyn, to tack the boards down only die first year, and nafl them down 
for good the next, is certainly the best, when it if convenient to adept' i^ but» as this is viery 
seldom the case, we must eitpect the j6ints to open more or less. 

Now these joints always admit a considerable current of cold air, and also» in an upper room, 
imless there be a counter floor, the ceiling below may be spoiled, by the accidental spilling a 
little water, or even by washing the floor. 

To avoid this, we would recommend a toi^ue to be ploughed into each joint, according to the 
old practice ; andj when the boards are narrow, they may be laid without any appearance of nails, 
in the same way as a doWeDed floor is laid, the tongues serving the same purpose as the dowels. 
In this case we would use cross or feather tongues for the joints. We have had oak floors hud in 
this manner instead of with dowels, and we find it to be a mneh easier method. 



Parquet Floors. 

216. The &shion of laying floors with various coloured woods, disposed in patterns^ seems now 
to become more general in this country. It has long been much in use in France, and such floors 
are often called parquet floors; though that name only appEes to mich as are framed in com- 
partments of about 3 feet square each, divided into small square or lozenge panneb, with the 
pannels grooved in so as to be flush on the upper surfisu^e. 

The imitations of the parquet floors which have been done in this country have often been 
done with thin boards, about half an inch thick, glued, and nailed or screwed down, on a com- 
mon deal floor. Lately, however, another method has been adopted ; it consists in devising a 
pattern so that its joints shall coincide with the joints of a floor laid with boards of equal breadth. 
The thin boards which form the pattern are then glued to the floor boards at the bench, and 
screwed to them from the under side, and afterwards the boards are laid either by dowels or 
toi^es as a plain oak floor would be done. 

llie patterns are formed by disponing die grain of the wood of the pannels in different direc- 
tions, by making the pannels of black wood, or by making the difierent parts of diffisrent coloured 
species of oak, and when the smaller dinsiona are of the rich dark brown varieties of En^Bsh oak, 
and the others of fine Dutch wainscot, such floors are uncommonly beautifiil 
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A^<'i^i£>'T ; the meeting auitaces, in the joint, of 

two pieces of timber, which are perpendicular 

to tlie fibres of one of the pieces, pages 15, 20. 
Angle-Bar ; an upright bar at an angle of a 

n'inilow constructed on a polygonal plan, 93. 
Angle-Bracket ; a bracket placed in an angle 

in the direction of lite mitre line, iS. ^ 
Anglea, method of tramiag, 85. 
AnniUar-Vault ; a vault which springs from iwo 

(valls ihatare circular on the plan, 54. 
Annulet ; a Gllet round a column, 84. 
Arch ; s part of a building supported by two 

walls or piers, with the under surface concave. 
Architrave; that part of the entablature which 

lies upon the capital of a column; also a 

moulded frame to a door or window, 106. 
Arris ; the edge, or line, in which two plane 

surfaces meet. 
Ashlering ; perpendicular quartering from the 

raflers to the floor of rooms in a roof, to nail 

the plastering laths upon. 
Ash-timber, S3. 



Back of a hand-rail ; the upper side of it. 

Back of a hip; the upper edge of a rafter, 
between the two sides of a hipped roof, form- 
ed to an angle, so as to range with the rafters 
oil each side of it, 34. 

Bach-shutters or Back-flops ; additional breadths 
hinged to the front-shutters of a window, for 
covering the aperture completely, when required 
to be shut, lee 100. 



Back of a window ; the hoard or wainscoting 
between the sash-frame and the floor, uniting 
with two elbows, which are in the same plane 
with the shutters. When framed, it is com- 
monly with a sbgle paimel with mouldings on 
the framing, corresponding with the doors, 
shutters, &c. in the apartment in which it is 
fixed. 

Balusters, 117. 

Base-mouldings, IOC. 

Basil ; the sloping edge of a chisel, or of the 
iron of a plane. 

Batten ; a scantling of stuff" from two inches to 
seven inches in breadth, and from half an 
inch to two inches and a half in thickness. 

Baulk ; a piece of flr from eight to sixteen inches 
square, being the trunk of a tree of that 
species of wood, geocratly hewn to a square, 
for to be used in building. 

Bead ; a round moulding, commonly made upon 
the edge of a piece of wood : of bends there 
are two kinds, one flush with the surface 
called a tpark-bead, and the other raised, called 
a cock-head, 83. 

Bead and but, 96. 

Bead and flush, 96. 

Beam ; a horieontal dmber, used to resist a force 
or weight ; as a tie.beam where it acts chiefly 
as a string or chain, hy its tension ; as a 
stroining-bcam, where it acts by compression ; 

verse insisting weight, see i7, 29, and 73. 
Bearer ; any thing used by way of luppori to 
another, 110. 
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^^^H Bearing ; the distance of the supports by which 


movable ; when a brace is used by way of ^^H 


^^H a beam or rafler ia suspended in the clear : 


support to a rafler, it ia called a strut. ^^H 


^^^1 tlius, if a piece of timber rests upon two 


Braces, in partitions and span roofs, are always, ^^H 


^^^^ opposite nails, the span of the void is called 


or should be, disposed in pairs, and placed ia ^^H 


^^^1 tlie bearing, and not the whole lengtli of the 


opposite directions, SI. ^^H 


^H 


Brace and Bits, the same as stock and bits. ^^H 


^^H Beedi timber, 59. 


Bracketing, 45. ^^H 








^^^H used for planing upon, &c. &c. 


Brackeced-B lairs, 110, 112. ^^H 




Brad ; a small nail, having no head except on ^^| 


^^^H Bevel ; one side ia said to be bevelled with respect 


one edge, the intention is, that it may be ^^| 


^^^1 to another, when the angle formed by these 


driven within the surface of the wood, by ^^^| 


^^^1 two sides is either greater or less than a right 


means of a hammer and punch, and the cavity ^^| 


^^^H 


filled flush to the surface with putty. ^^H 


^^^H Binding-joists, 82. 


Breaking-up; in sawing, is dividing a baulk ^^H 


^^H Birch timber. GO. 


into boards or planks; but if planks are sawed ^^| 


^^^^1 Bird's-mouth ; an interior angle, formed in the 


longitudinally, through their thickness, tbe ^^^| 


^^^^1 end of a piece of timber, so that it may 


saw. way is called a Hpping-cut, and the ^^^| 


^^^H rest firmly upon the exterior angle of another 




^^^H 


To Break-in ; to cut or break a hole in bnck- ^^| 


^^H Blade; any part of a tool that is broad and 


work, with the ripping-chisel, for inserting ^^| 


^^H thin ; as the blade of an axe, of an adxe, of 


timber, he. ^^H 


^^^V a chisel, &c. : but the blade of a saw is 


Breaking-joint is a joint formed by the meeting ^^| 


^^^H generally called the plate. 


of several heading -joints in one continued line, ^^| 


^^^^ Blockings ; small pieces of wood, filled in, or 


which is sometimes done in common floors. ^^| 


^^^^ glued, or fixed to the interior angle of two 




^^^^^ boards or other pieces, in order to give strength 


ing a superincumbent part of an exterior waQ ^^| 


^^^1 to the joint. 




^^^1 Board ; a substance of wood contained between 


that part, ^^H 


^^^1 two parallel planes, as when a baulk is divided 


Bridged-guttera ; gutters made witli boardi,.^^^ 


^^^^B into several pieces by the ptt-saw, the pieces 


supported below by bearers, and covered over ^^| 


^^^1 are called boards. The section of boards is 


with lead. ^^1 




Bridges, centring for, 48. ^^H 


^^^1 trapezoidal form ; tliat is, with one edge very 




^^H thin ; these are called feather-edged boards. 


Br idging- Boors ; floors in which bridging joists ^^^| 


^^^ft Boarding circular roofs, 33. 


are used, SS. ^^^H 


^^^1 Bond-timbers; horizontal pieces, built in stone 


Bridging- joists ; beams in naked flooring for ^^^| 




supporting the boardbg for walking upoo, ^^^| 


^^^^1 fixing the battening, lath, and plaster, &c. 


^^1 


^^^^B Bond-timbers should only be inserted where 


Butting-joint; the junction formed by the aurfacea ^^^| 


^^^^1 they are absolutely necessary. 


of two pieces of wood, of which, one aurface ^^^| 


^^H Book-doors, 


is perpendicular to the fibres, and the other ^^^| 


^^^H Bottom-rail ; the lowest rail of a door, a sash. 


in their direction, or making wttli them an ^^^| 


^^^1 or a casement. 


oblique angle. ^^H 


^^^^1 Boxings of a window ; the two cases, one on 


^^H 


^^^^1 each side of a window, into which the shutters 


^^1 


^^H are folded, see 


Cambeh ; the convexity of a beam upon the ^^H 


^^^H Brace ; a piece of limber, used in truss-paiti- 


upper side, in order that it may not become 


^^^H dons, or in framed roofs, in order to form s 


concave by its own weight, or by the burden 


^^^^L triangle, and thereby render the frame im- 


it may have to sustain, in course of litne. 
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^^B Camber -beam 9 ; those beams used in the flats of 


Cohesive Strength of Timber, i35. ^^^^| 


truncated roofa, and raised in the middle with 


Collar ^^^^^H 


an obtuse angle, for discharging the rain-water 


Columns, method of fluting, 103. ^^^^^^^^| 


^^ loward both sides of the roof, 30. 






^^H Cantilevers ; horizontal rows of timber, |iro. 


^^^^^1 


^^B jecting at right angles from the face of a wall, 


Cone, to devclope, 1 ^^^^^^^^| 




Conic Secuons, 4, 8. ^^^^^^^H 


sometimes they are planed on the horizontal 


Contraction of Timber, G3. ^^| 


and vertical sides, and sometimes of rough 


Cornices, Bracketing for, 45. ^H 


timber and cased with joiner's- work. 




farriage of a stair; the timber-work which 


Cot-bar. in Sashes, 99. ^^| 


supporw die steps, 110. 


Cove -Bracketing. 45. ^^| 


Carcase of a building ; a term applied to tlie 


Cross-grained Stuff, is that which has its fibres ^^H 


naked walls, and the rough timher-work of 


running in contrary directions to the surfaces ; ^^H 


the roofing, tlooring, and quarter- partitions. 


and, consequently, is more difficult to make ^^| 


before ilie building be plastered or tlie floors 


perfectly smooth, when planed in one direction, ^^| 


laid. 


witliout turning it, or turning the plane. ^^H 


Carpentry defined, 14. 


Crown-Post ; the middle post of a trussed roof.— ^^H 


Carry-up; a term used among builders, or 


See King-post ^^^H 


workmen, denoting that the walls, or other 


Curling-Stuff; that which is occasioned by the ^^^| 


parts, are to be built to a certain given height ; 


■winding or coihng of the fibres at the bough of ^^| 


thus the carpenter will say to the bricklayer. 


atree, when they begin to shoot from the trunk. ^^^| 


^K Carry-up that wall, carry-up that stack of 


Curtail Step, 111. ^^^^^H 


^^k chimneys ; which means build up that wall, 


Curves, metho<l of Transfenng, 5. ^^^^^| 


^^B or stack of chimneys. 


^^^^H 


^^■Casement-windows, 9S. 






^^kCasting or Warping ; the bending of the sur- 


, Working, ^^^^H 


^^V- faces of a piece of wood from their original 


Cyma recU, ^^^^^^| 


^^1 position, either by tbc weight of the wood, 


Cyma ^^^^^^| 


^^H or by an unequal exposure to the weather, or 


^^^^1 


^^B by unequal texture of the wood, see S2. 


^* Cavetto, 84. 


Dado, modes of joining, 85. ^^^^^^^| 


Ceiling-joists, 22. 


of fixing, 131. ^^^1 


' Centring for Bridges, 48. 


DeaJ-iimber ; the timber of the fir-tree, as cut ^^^| 


Chamfering; cutting tlie edge of any thing, 


into boards, planks, &c, for the use of build- ^^^^^H 


originally right-angled, to a slope or bevel. 


See ^^^^^1 


Chesnut-trce, 61. 


Developement, ^^^^^^| 


Circle, methods of drawing a portion of, 1. 






Circular-roofs, 37. 




Circular-sashes, 99. 




Clamp ; a piece of wood fixed to die end of a 


Discharge ; a post trimmed up under a beam, or ^^^| 


board, by mortise and tenon, or by a groove 


part of a building which is weak, or overcharged ^^^H 


and tongue, so that the fibres of the piece. 


by ^^^H 


thus fixed, traverse those of the board, and 


Dog-legged Stairs, 110, 111. ^^^^H 


by this means prevent it from casting; ,the 


Domes ; construction of, 38. ^^^^^^^| 


piece at the end is called a clamp, and the 


covering, ^^^^^^| 


board is aaid to be clamped, 88. 


Doors, ^^^^^1 


Clear Story Windows, are those that have no 


Door-frame; the surrounding case of a door, ^^^H 


transom. 


into which, and out of which, the door shuts ^^H 


Cocking or Cogging, 30. 


and opens, ^^^H 



^^^^^^^^^^^^^^^^^^^^^^^^^^^t 
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^^L Dormer, or Dormer-window ; a projecting win- 


Feather-tongues, 87. -^^B 


^^H dow in the roof of a house ; the glaEB-frame, 


Fence of a Plane; A guard, which guides it t 


^^H or casement, being set vertically, and not in 


work to a certain horizontal breadth from 8^ 


^^H the inclined Bidea of the roofs : thus dormers 


arris. 


^^H ate distinguished from skylighta, which have 


FiUing-in Pieces ; short timbers, less than the fid 


^^H their sides inclined to the liorizon. 


length, aa jack-raAers of a roof, the puncfaeotni 


^^1 Dove-tailing, 8C. 


or short quarters, in partitions, between tb 




braces and sills, or head-pieces. 




^^^H mitre, 66, 


Fine-set ; a plane is said to be fine-set, when tfa 
cover of the plane-iron is set very dose to tb 


^H Dowelh'ng, 99. 


^^^1 Drag ; a door is said to drag when it rubs on the 


cutting edge. 


^^^B floor or carpet ; this arises in some cases from 


Fir-Timber, qualities of, 60. 


^^^B the loosening of the hinges, or the setiUng of 


Fir-Poles ; small trunks of fir-trees, from tea « 


^^M the building. 


siicteen feet in length, used in rustic buildiagi 


^^H ' Dragon-Beam ; the piece of timber which sup- 




^^H ports the hip-rader, and crosses the angle 


Fishing a beam, 18. 


^^^1 formed by the wall-plates. 


Fixing grounds, 130. 


^^^P Dragon-Piece ; a beam bisecting the angle formed 


Flooring, naked, 21. 


^^H by the wall-plates, for receiving the heel, or 


. laying, 132. 


^V foot of the hip-raOers. 


parquet, 132. 


^H 


Float, 86. 


^H 


Fluting, 84, 103. 


^^H Edging ; reducing the edges of ribs or raflers, 


Flyers, 107. 


^^P excernaiiy or internally, so as to range in a 


Framing, in Carpentry, 14. 


^^^K- plane, or in any curved surface required. See 


, in Joinery, 86. 


^H 


Franking, 99. 


^^M Elevations, 7. 


Frefr-Stuff; that timber or stuff which is quil 


^H Ellipsis, to draw, 2. 


clean, or without knots, and works easily witb- 


^H , false, S. 


out tearing. 


^H Elliptical Stairs, 113, 127. ; \,v 


French Windows, 101. 


^H Elm-Timber, 60. , . 


Frowy Stuff; short, or brittle and soft timber. 


^^^1 Expansion of Timber, 63. 


Furrings ; slips of timber nailed to joists, or 


^^^P Eater ; when the end of a tenon is put into a 


rafters, in order to bring them to a level, and 


^^P mortise, it is said to enter the mortise; 


to range them into a straight surface, when the 


^m 


timbers are sagged, either by casting, or by a 


set which they have obtained by their wdghi. 


^^B ' Face-Mould; a mould for drawing the proper 


in length of ume. 


^^B figure of a hand-rail on both sides of the plank ; 




^^H» BO that, when cut by a saw to the required in- 


i^M 


^^H clination, the two surfaces of the rail-piece, 


Gadle-ekded Roofs, SO. ^^| 


^^B when laid in the right position, will be every 


Geometrical Stairs, 107. 112. ^H 


^^H where perpendicular to the plan, 117. 


Girder; the principal beam in a floor for nij^^H 


^H Falling-Mould, 117. 


porting the binding-joists, £2, 76. ^^M 


^^H False ellipsis, a mode of drawing, 3. 


Girder Truss, 33. ^H 


^^H Fang ; the narrow part of the iron of any instnt- 


Globe or Sphere, Section of, 7. ^H 


^^^B ment which passes into the Stock. 


Glue ; a tenacious viscid matter, which is used a^H 


^^H Feather-edged Boards; boards thicker at one 


a cement by carpenters, joiners, &c. ]^H 




Gtueing-up work, 88. >^H 


^^M the facing of wooden-walls, and for the cover- 


Gothic Arches, methods of drawing, S, 5. ^H 


^^L ing of inclined roofs, &c. 


Gothic Soffits, 13. '^H 
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Grind-Stone; a cylindrical stone, which being 
turned round its axis, edge-tools are sharpened, 
by applying the basil to the convex sur&ce. 

Groined Arches, 49. . .^ ' 

Grooving, 8S. 

Ground-Plate or Sill ; the lowest jtoe of a wooden 
building, for supporting the principal and other 
posts. 

Grounds ; pieces of wood fixed to walls and par- 
titions, with their surfiuses flush with the plas* 
ter, to which the fiicings or finishings are at- 
tached, 130. 

H. 

Hand bail. 111. 

Hand railing, 114. 

Handspike ; a piece of wood Used as a lever for 
raising or carrying a beam, or other body. 

Hanging Stile ; die stile of a door or shutter to 
which the hinges are fastened ; also, a narrow 
stile fixed to the jamb on which a door or shut- 
ter is frequently hung, 95. 

Hinging, 93m 

— — Doors, 94. 
■ Shutters, 95. 

Hip-rafler ; an inclined rafter placed in the angle 
in which the surfaces of a roof meet, 94. 

Hip-roof; a ro(^, the ends of which rise imme- 
diately from the wall-plate with the same incli- 
nation to the horizon, as its other two sides, 30. 
The Backing of a Hip-rafter is the angle made 
on its upper edge to range with the two sides or 
planes of the roof between which it is placed, 34. 

Hoarding ; an indosure of wood which in streets 
is put about a building, while erecting or re* 
pairing. 

Hyperbob, methods of drawing, 4. 

J. 

Jacx-ravtibs ; aD those short rafters which meet 
the hips. 

Jack-ribs ; those short ribs which meet the ang^ 
ribs, as in groms, domes, &c. 

Jack-timber; a timber shorter tlian the whole 
length of other pieces in the same range. 

Jib-doors, 97. 

lutertie ; a horizontal piece of timber, framed be- 
tween two posts, in order to tfe them together. 

Joggle-Piece ; a truss post, with shoulders, and 
sockets for abutting and fixing the lower ends 
of the struts, 20. 
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Joints, in Carpentry, 91. 

Joineiy, 81. 

" , History of, 81. 

Joists ; those beams in a floor which support, or 
are necessary, in the supporting, of the board- 
ing or ceiling ; as the binding, bridging, and 
oeiHng, joists ; girders are, however, to be ex- 
cepted, as not beii^ joists, 22. 

Iron Girders, 23. 

■ "", strength of, 76. 

Juflbrs ; stuff of about four or five inches square, 
and of several lengths ; this term is out of use, 
though frequently found in old books. 

K. 

Ksav; the way which a saw makes in dividing a 
piece of wood with two parts. 

Ke3rB, 88. 

of Dado, 88. 

King-Post ; the middle post of a trussed roof^ for 
supporting the tie-beam at the middlci and the 
lower ends of the struts, 28. 

Knee ; a piece of timber cut at an angles or hav- 
' ing grooves to an angle. In hand-railing a 
knee is a part of the back, with a convex cur- 
vature, and, therefore, the reverse of a ramp, 
which is hollow on the back, 118. 

Knot; that part of a piece of timber where a 
branch had issued out of the trunk. 

L. 

Landings, 107. 
Lime-tree, 61. 
Lines for roofs, 34. 

for circular roofs, 36. 

Lining of a wall; a timber boarding, of which the 

edges are either rebated or grooved and tongued. 
Lintels ; short beams over the heads of doors and 

windows, fi>r supporting the inside of an exterior 

wall; and the superincumbent parts over doors, 

in brick or stone partitions. . 
Lock-rail. See nuddk^rttil. 
Lower rail ; the rail at the bottom of a door^ or 

next to the floor. 
Lying pannel ; a pannel with the fibres of the 

wood disposed horizontally. 

M. 

Mahooant, 61. 

Margins ; the flat part of the stiles and rails of 
friuned work. 

2N 
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Margins, double. See 97. . 

Middle-rail) or lock-rail ; the rail of a door which 
is upon a level with the hand when hanging 
freely, but bending a little the jmnt of the 
wrist. The lock of the door is generally fixed 
in this rail. 

Mitre ; if two pieces of wood be formed to equal 
angles, or if the two sides of each piece form 
equal inclinations, and they be joined together 
at their common vertex, so as to make an angle, 
double to that of either piece, they are said to 
be mkred together, and the joint is called the 
mitre^ 85, 87. 

Mitre-Cap, 115. 

Mortise and Tenon, 8S, 86. 

Mould, 116. 

Mouldings, 83. 

-, enlarging, 90. 
, diminishing, 90. 

Mullion or Munnion ; a large vertical bar in a 
window-fhune, separating two casements, or 
glass-firames, from each other, 88. Those divi- 
sions which extend horisontally are iroMsami. 

Muntins or Mountings ; the vertical pieces of the 
frame of a door between the stiles, 88. 

N. 

Naked flooring ; the timber-work of a floor for 
supporting the boarding, or ceiling, or both, 21. 

Newel ; the post in dog-legged stairs, where the 
winders terminate, and to which the adjacent 
string-boards are fixed, 110. 

Niches, 43. 

Nosings, 107. 

Notching, 19. 

Notch-board, 111. 

O. 

Oak Timber, 57. 

Octagon, how to draw, 6. 

Ogee; a moulding, the transverse section of 

which consists of two curves of contrary 

flexure, 84. 
O^lo, 84. 

P. 

Pannel; a thin board, having all its edges insert- 
ed in the grooves of a surrounding frame, 83. 
Parabola, 3. 

' , methods of drawing, 3. 



Parquet floors, 132. 

Pkutitions, 21. 

P^ndendves, 46. 

Piasters, 104. 

Pitch of a Roof; the inclination which the sloping 
sides make with the plaiie, or level of the wall- 
plate ; or, it is the proportioii uriiich arises by 
dividing the span by the height. Thus, k it 
be askedt What is the pitch of such a roof ? 
die answer is, one-quarter, one-third, or half. 
When the pitch is half, the roof is a square, 
which is about the highest that is now in use, 
or that is necessary in practice. See 26. 

Pitching-piece, 110. 

Plan, 7. 

Plank; all boards above nine inches wide are 
called planks. 

Plaster-groins, 51. 

Plate ; a horisontal piece of timber in, or upon, 
a wall, generally flush with the inside, for rest- 
ing the ends of beams, joists, or rafkers, upon ; 
and, denominated floor or roof plates ; or wall- 
plates. 

Pole pkte, 29. 

Polygonal roofs, 36. 

Polygons, to describe, 37. 

Poplar wood) 61. 

posts; all upright or vertical pieces of timber 
whatever ; as truss-posts, door-posts, quarters 
in partitions, &c., are called posts. 

Pressure of beams and trusses, 16. 

Prick-posts ; intermediate posts in a wooden build- 
ing, firamed between principal posts. 

Principal posts ; the comer posts of a wooden 
building. 

Principal rafters, 27. 

Prism, 7, 

Punchion ; any short post of timber. The small 
quarterings in a stud partition, above the head 
of a door, are called punchions. 

Purlins ; the horiiontal timbers in the sides of a 
roof, for supporting the spars, or small rafkers, 
29. 

P3nramid, 7. 

QuARTSRiNo ; the timbers of a partition. 
Quarters; the timbers used in stud partitkms, 

bond in walls, &c. 
Quarter-space, 107. 
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Quarter-rotind, 84. 
Queen-postSy 28. 
Quirked ovolo, 84. 



R. 



Raftbrs ; all the indined .timbers in the sides of 
a roof; as principal raflers, hip-rafVers, and 
common rafters ; the latter are called in most 
* counties, Spars, See 27, 29. 

Rails ; the horizontal pieces in which the upper 
and lower edges of the pannels are inserted, 
and which contain the tenons in a piece of 
framing. 

Raising-pktes, or Top-plates ; the plates on which 
the roof is raised. 

Raldng-mouldings, 91. 

Ramps, 118* 

Rank-set; the edge of the iron of a plane is said 
to be rank-set when the cover is set consider- 
ably back from the cutting*edge. 

Rebadng, 88. 

Reeds, 84. 

Repulsive strength, 66. 

Return ; in any body with two surfaces, joining 
each other at an angle, one of the surfkces is 
said to. return in respect of the other ; or, if 
standing before one sur&ce, so that the eye 
may be in a straight line with the other, or 
nearly so : this last is said to return. 

Ridge ; the meeting of the raflers at the vertical 
angle^ or highest part of a roof, 29. 

Ridge-piece ; ihe board against which the raflers 
meet. 

Ring, 7. 

Riser ; the vertical part of a step of stairs, 107. 

Roof; the covering of a house : but the word is 
used in carpentry, for the wood-work which 
supports the slatii^, or other covering, 25. 

Roofing, lines for, 34. 
— , circular, 86. 
Rule-joints, 98. 

S. 

Saogiho, 27« 

Sash-windows, 98. 

Sashes, circular, 99. 

Scantling ; the transverse dimensions of a piece 
of timber ; sometimes, also, the small timbers 
in roofing and flooring are called scantlings. 

Scape, 84. 



Scarfing ; a mode of joining two pieces of timber, 
by bolting or nailing them transversely toge- 
ther, so that the two appear but as one conti. 
nuous piece. The joint is called a scarfs and 
the timbers are said to be scarfed. See 1 7. 
Scotia, 85. 
Scribing, 87. 
Scroll, 117, 121. 
Section, 7, 8. 
Segment of a circle, 1. 
Setting-out, 6, and 89. 

Shaken Stuff; such timber as is rent or split by 
the heat of the sun, or by the fall of the tree, is 
said to be shaken. 
Shingles ; thin pieces of wood sometimes used 

for covering, instead of tiles, &c.. 
Shop-fronts, 106. 
Shreadings; a term not much used at present. 

See Rurrwgs, 
Shutters, 100. 

Skirting or Skirting-boards ; the narrow boards 
round the margin of a fl^or, forming a plinth 
for the base of a dado, or simply a plinth for 
the room itself, when there is no dado, 106, 
181. 
Skirts of a Roof; the projecture of the eaves. 
Skylights, 102. 

Sleepers ; pieces of timber for resting the ground- 
joists of a floor upon; or for fixing the plank- 
ing to, in a bad foundation. The term was 
formerly applied to the valley-raflers of a roof. 
Soffits, 12. 
— — , Gothic, 18. 
Solids, sections of, 8. 
Span, 27. 

Spars ; a term by which the common raflers of a 
roof are best known in almost every provmcial 
town in Great Britain ; though generally called 
in London common rqfterSf in order to distin- 
guish them from the principal raflers. 
Springing Mouldings, 108. 
Staff; a piece of wood fixed to the external angle 
of the upright sides of a wall at chimney- 
breasts, and the like, for floating the plaster to, 
and for defendmg the angle against accidents. 
Staff-bead; when a staffer an angle is formed 
into a bead to be flush with the plastering with 
the quirks formed in plaster. 
Staircases, 107. 
Stqw, 108. 
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Steps, in scarfing, 18. 

Stiffness of Timber, 77. 

Stiles of a Door, are the vertical parts of the 
framing at the edges of the door. 

Stock and Bits ; a stock is an instrument with a 
revolving head, and a socket and spring to re- 
ceive boring-tools of various kinds, called bits. 

Straining Beam, 29. 

Sill, 29. 

Strength of Timber, 64, 73. 

Struts; pieces of timber which support the raflers, 
and which are supported by the truss-posts, 
24, 29. 

Summer ; a large beam in a building, either dis- 
posed in an outside wall, or across in the middle 
of an apartment, parallel to such wall. When a 
summer is placed under a superincumbent part of 
an outside wall, it is called a bressummer, as it 
comes in abreast with the front of the building. 

Surbase ; the upper base of a room, or rather the 
cornice of the pedestal of the room, which 
serves to finish the dado, and to secure the 
plaster against accidents firom the backs of 
chairs, and other furniture on the same level, 86. 

Swan-neck, 118. 

Sycamore, 61. '-■^■.' . .. - 

* T. 

Tabling, 18. 

Taper; the form of a piece of wood which arises 

from one end of a piece being narrower than 

the other. 
Templates, 22. v. . 

Tenon, 88. 
Tie ; a piece of timber, pkced in any position^ 

and acting as a string or tie, to keep two things 

together which have a tendency to spread apart 

firom each other. 
Tie-beam, 17, 27. 
Timber, kinds of, 57. 
Torus, 84. 

Transom. See MuUum* 
Transom-Windows ; those windows which have 

transoms. 
Transverse Strength of Timber, 6^. 
Treads, 107. 
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Trimmers; joists into which other jobts are 
fram^» 22. 

Trimming-joists ; the two joists mto which a 
trimmer is framed, 23. 

Truncated Roof; a roof with a flat on the top. 

Truss ; a frame constructed of several pieces of 
timber, and divided into two or more triangles 
by oblique pieces, in order to prevent the pos- 
sibility of its changing its figure, 1^, 24« 

Truss-Girders, 17, 28. 

Trussed Roof; a roof so constructed within the 
exterior triangular firame, as to suj^KMrt the 
principal raflers, and the tie-beam at certain 
given points, 27. 

Truss-Post ; any of the posts of a trussed roof, as a 
king-post, queen-post, or side-post, or posts into 
which the braces are formed in a trussed partition. 

Trussels; four-legged stools for ripping and 
cross-cutting timber upon. 

Tusk ; the bevelled upper shoulder of a tenon, 
made in order to give strength to the tenon, 19. 

V. 

Valuy-Ravter ; that rafter ^ich is disposed 
in the internal angle of a roof. 

U. 

Uphsrs ; fir poles, firom 20 to 40 fiset loogy and 
from 4 to 7 inches in diameter, oommonly 
hewn on the sides, so as not to reduce the 
wane entirely. When sUt, they are firequently 
employed in slight roofs; but moady used 
whole for scaffidding and ladders. 

W. 

WALLrPLATEs; the jpist-plates, and raiaiqg-plates. 

Wahiut-tree, 61. 

Web of an Iron; the broad part of it which 

comes to the sole of the plane* 
Well-hole, 107. 
Welsh Groin, 58. 
Windows, 98. 
Window-Shutters, 100. 
Winders, 107. 
Wooden Bridges, 55» 
Working Cylinder, 116. 
Working Drawings, 1, 7. 
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INTRODUCTION. 

ABINET-MAKlJNti is Uie art of constructing all such parts of the Furniture of a 
'elling-house as are formed of Wood. 

The term Cabinet-maker has, no doubt, at its first introduction, been applied only to those 

J luade cabinets for containing collections of medals, coins, manuscripts, or natural curiosi- 

; and when, on account of their superior skill, they were afterwards more generally employed 

in the construction of househoUl-fumiture, they still retained the name which was applied when 

cabinets alone were the objects on which they were occupied. 

The general term Cabinet -making, includes the particular art of chair ■making, and a few 

lers of less importance ; and, a rather comprehensive knowledge of some of the higher species 

art, as of design, — carving,-^modelling, &c., is essential to form a good cabinet-maker j this 

we will endeavour to render apparent by a more fiiU statement of the objects to which the 

attention of the cabinet-maker ought to be directed. 

2. When we consider the end and object to be attained in furniture, it soon appears that it 
lits of more freedom and grace in the contour of its parts than can be allowed in the parts 
buildings ; indeed, many pieces of furniture must be more or less adapted to the beautifiil 
red lines of the human figure ; and, therefore, should be designed to associate with such 
forms ; and so that either jointly or separately, either occupied or unoccupied, these species of 
furniture should make perfect and agreeable objects- 
It 14 further necessary, that a piece of furniture should be designed so as to be easy and fit 
for its purpose ; and, it is worthy of remark, that it will possess these properties in the highest 
degree when it best combines with the contour and attitudes of the human figure when it 
in use. 

8. It has been stated that it is an easy matter to design furniture, and that it is susceptible 
an incalculable variety of new fonns ; but the remark is obviously made without experience 
lesign, or a knowledge of the obvious truth that a piece of furniture should have novelty, 
S3. B 
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Iitness, and propriety, as well as harmony of parts. A change of form must be comiderable, 
otherwise we do not produce novelty, the number of changes is therefore hmited by this conr 
ditioni and the number of changes is further limited by the condition that the fiirniture must 
be fit, or perfectly adapted, to its purpose, and the number is again limited by the condition 
that the parts shotdd bear that harmonious proportion to each other which is required to give 
grace and elegance. 

Hence, the number of novel and pleasing variations of a design, for the same object, is 
extremely Umited ; and he is happy, indeed, who is so fortunate as to hit on any thing truly 
new ; though we are fully aware, that there is abundant scope for taste and talent in this de- 
hghtful research. 

4. It has also been supposed that a knowledge of geometry, and particularly of that portion of 
it which treats of the description of curved lines, is of great use to the cabinet-maker ; but, 
with the exception of a knowledge of perspective, and of a few simple methods of drawing 
common curves, geometry is of little use to him ; and, when it is studied too closely, it leads 
to a harsh and mechanical mode of designing. 

The best advice we can give the cabinet-maker, in acquiring a graceful, easy, and free method 
of drawing, is, to draw as much from nature, or from good casts, as possible. It is not of 
material consequence whether vegetable or animal forms be drawn, but a mixture of both is 
desirable, as they have very distinct characters, which will be easily traced in attempting to 
delineate them. 



GENERAL PRINCIPLES OF DESIGN FOR CABlNET-FURNITtiaE. 

5. We have already shown that furniture is to associate with the forms of human itgures, 
and to be adapted to their use; but it is equally obvious that furniture should be capable of 
arranging and uniting in harmony with the more geometrical fonns of architecture. Conse- 
quently, iu furniture, the rounded forms of the human figure should be combined with the 
straight hues and angular forms of architectural structures to such a degree, that the two may 
blend and unite with each other. 

Of Outline or Contour. 

6. TiiE outline of the figure of a piece of furniture is generally much limited hy the circum- 
stance of its being fit for its use ; but, that form which renders it so being arranged, the noveltj- 
of the design will depend chiefly on the change that can be introduced in the outline, without 
rendering it less fit for its object. 

In the disposal of this outline, as much variety of general form should be obtained as possible, 
but carefiilly avoid breaking it into small parts of similar forms. 

The change of form in the outline should be bold in proportion to the size of the piece of 
furniture, and those small variations which do not interfere with the general form should be 
grouped in masses, and not regularly scattered along the outline. The object to be attended u> 
is the production of variety, and to produce this variety proper intervals of plain space a 
essential ; for continuous ornament always produces sameness. 

7. In Design, the central or principal part of the object requires most notice. The otberl 
]>arts sliould be so far subordinate to it as not to distract the attention from the centre ; and, i 
they should be so united in harmony with it, as to "be obviously essential to complete the destgn.1 



PROPORTIONS OF PARTS OP FURNITURE. 3 

The connection between the principal and the inferior portions of the design should be pre- 
served by the continuance of some of the leading lines of the principal part to the inferior 
ones ; and, whether these lines be straiglit or curved, they should never be so far interrupted 
by ornament as to render it doubtful whether or not they are continued j and, as the idea of 
firmness or stability is a necessary accompaniment of good taste in the design of furniture, the 
leading lines of the principal part of the design should descend in such a nmnner to the base as 
to give an idea of firmness, as far as the nature of the thing requires it. 

Firmness does not always suppose massivencss ; for what a pleasing idea of firmness is con- 
veyed by the simple, light, and elegant tripod of the ancients. The pillar of a Uble branching 
into three or four claws is another example of firmness, where the continuity of the principal 
hues, or of direct branches from them, to the base exist as supports. Indeed, firmness of 

I standing is a species of fitness which cannot be departed from without giving offence to the eye 
■f taste, while it is most gratifying to find it combined with lightness. 



Relative Proportion of Parts of Furniture. 



'"8, Proportion should be considered as it regards fitness; as it regards the magnitude of one 
part compared with another; and also, as it regards the quantity of ornament on one part com- 
pared with another. 

9. In speaking of magnitude, it must always be understood that tlie relation of magnitudes, 
in design, we always consider to be measured by the extent of surface exposed to the eye, and 
as this is different in the same objects placed in different positions, as to height, it is obviou» 
that the actual position in wliich the figure is to be placed in respect to the eye, must always be 
taken into consideration in making the design. "" 

10. Proportion, as far as it depends on fitness, is chiefiy arranged by experience ; those parts 
which give strength and firmness should be equal to their office ; but, they seldom will bear 
much excess of strength without producing clumsiness ; and the only exceptions are, when large 
rooms reqiure a corresponding massiveness in the furniture. On the other hand, slightncss, 
or, as we would express it, want of firmness, should never be apparent in good fiimiture. 

The proportions which render furniture convenient is another portion of the study of fitness, 
which supposes an extensive experience, as well as a knowledge of the various changes due to 
the fashions of the times. 

11. Proportion, as it depends on the relative magnitude of parts, is, sometimes, wholly left 
to the good taste of the designer; and, when cases occur where it is within his power, one part 
in a design must form the principal object, and ought not to have a rival in magnitude ; also, 
when the piece of furniture is seen in its best position, this principal part should be as near the 
centre of the whole as possible. 

The principal part of a design should be sufiRciently prominent for the eye to pass fi-om it to 
the whole, or the reverse, without perceiving the change of magnitude to !>e abrupt ; and the 
same remark applies to the relation of the subordinate parts of the design to the principal one. 

If tills attention be given to the proportion of the parts so that the eye may pass from the 
consideration of one to another, and not fee! the change abrupt, the design will be pleasing. 

If too small a proportion be assigned to the principal , part, the design will be flat and un- 
meaning. If the proportion be too large, the whole will be absorbed in the part, as a modern 
mansion is not unfrequently all portico, A due proportion of the principal part to the whole 
gives boldness and propriety. 
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12. The proportions of parts are always most agreeable when they bear an obvious relatioa 
to one another, as 1 is to 2, 1 to 3, 2 to 3, &c. &c., till the numbers expressing the relatkak 
suppose the greater part to be divided into more than 4, for then the relations cease to ba 
apparent to an ordinary eye. Also, when tlie subordinate parts of a whole, or the mini 
dirtsiona of a part, or an ornament, have a less obvious EeUtien than 4 to 1, the contrast 
too great. 

Tlie cause of objects appearing most beautiful when there exist some simple and obviou* 
relations among their parts, is probably derived from the ]>lea«ire felt in contemplating those 
relations ; whereas, when all parts are of etjual magnitude the effect is monotonous, and tha-i 
pleasure which would be produced by variety, aa well as that which would arise from hanao-^ 
nious proportion of parts, is lost. 

13. AVI]cu the magnitude of any part is fixed by fitnesB for its purpose, and so that it is no|' 
in good proportion with the other parts of the design, its apparent bulk may be reduced b; 
division of its surface into parts by pannels, mouldings, ornaments, or a combination of these 
means, while the subordinate parts should not be broken by division into parts of corresponding 
smallness. This, and other artifices of a similar kind, are required at times to obtain pleasing 
combinations, but, in general, that which is most fit for the purpose it is designed for is also 
most beautiful. 

14. Proportion, as it depends on the relative (quantity of ornament, is a most important part 
design, wid attention to it is a distinguishing mark of good taste. Ornamented surfaces require 
Uie relief of contrast with the plain ones, and it is obvious that were ornamented surfaces alone 
employed, the object would want contrast, and that quality which in painting is teimed repose. 

Richness is produced by introducing as much ornament as the object will bear, without 
destroying the relation between the plain and ornamental parts ; a design, overcharged with 
ornament, becomes frittered, and wants both variety and repose. 

The opposite quality to richness is meagreness, or a deficiency of ornament; and want of 
attention to its proportions. Between the extremes of overcharging and meagreness, an im- 
mense variety of degrees of combination of ornamented witii plain surfaces may be selected. 

When the ornament consists of moulded work only, the piece of furniture is termed plain ; 
but, in rich furniture, the combined effect of moulded and carved work b necessary. In eitlier 
species, the proportions of the ornamental and plain parts to each other should be regulated 
by like principles as the magnitude of the parts. These principles we have illustrated in art, 
II and 12. 



Selection of Ornaments /or Ftirttiture. 

15. In this the Cabinet-maker is not, and ought not, to be negligent of the beauties of vege- 
table nature; indeed, in some instances, we find works which abound with imitations of them, 
and 80 admirably adapted to the purposes to which they are applied, that they are viewed by the 
artist, not as copies, but as original inventions. The Greeks, who studied combinations of 
form with the greatest care, adopted, as prototypes for ornament, those ligneous plants which 
best permitted an arrangement of graceful tines, and which they coidd use as a medium for 
connecting one part of the design with another, or for leading the eye of the spectator by the 
course most advantageous to the general design. In CaiTing these, they observed the same 
prindple of relief, and of light and shade, that is so beautifully exemplified in their compo- 
sitions where the human figure was employed. 
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COMBINATION OF COLOURED WOODS, &C. A 

16. lii selecting ornament from vegetable nature, the Greeks usually chose those where the 
stem prevailed over the quantity of foliage; whereas, in Roman decorations, the stem was made 
subservient to its luxuiiant burden. The llonian examples of ornament show how capable 
their artists were of using these means of decoration most amply, though not always without 
seeming to overcharge the object which they intended to ornament. 

17. Our own country also atTords some fine specimens of a peculiar style of ornament, in the 
carved work of those cathedrals and churches which are usually said to be of pure Gothic, 
but, with more propriety, of English Architecture. In these we find the parts of plants, and 
chiefly the leaves moulded into graceful forms to ornament, connect, or terminate parts, as the 
pleasure of the artist, or the nature of the primitive form of the work rendered necessary. The 
plants of the neighbouring woods fiu-nishcd the prototypes j and from these the artist selected 
parts and forms adapted to his purpose, selecting tliose which could be combined with effect, 
and yet not otherwise than as tlie natural plants might have been trained to grasp and ornament 
a solid mass formed to receive them. 

In preference they seem to have chosen the stem, leaves, and acoms of the British oak ; and, 
t in predominance, we find those of the graceful vine; — also the trefoil, and various other 
its, more or less adapted for their objects. The cathedrals of M'estminster, York, Litch- 
field, Winchester, &c- ; and the churches of Southwell, Sefton, &c., afford various specimens, 
many of them carved in oak with singular spirit and beauty. 

18. The introduction of animal forms, in iiirniture, is common, and in conformity with the 
example of the Greeks, and in a few instances it has been done by the old English carvers. 
But, high as we esteem these authorities, and beautiful as we acknowledge the forms of the 
Dolphin, the Serpent, &c., to be, we hesitate in admitting that such forms may be employed 
with propriety in the design of furniture ; and still less are we inclined to allow that the human 
figure should, in any state, form a part of such designs. We ground our opinion on the fact, 
that a living animal cannot be so employed, neither are they adapted to such purposes ; and 
imitative forms cease to be pleasing when we cannot imagine them to exist in the state they are 
represented. Our opinion may be considered as formed on too refined a view of the subject, 
but we only express it for the reader's assistance, in forming his opinions and practice, and 
leave Iiim to be guided by his own judgment. 

19. In speaking of these difterent styles of ornament, we have already mentioned the prin- 
ciples which ought to be kept in view in the addition of ornament; and we have only to repeat 
that, in the use of natural forms, they should be such as arc not inconsistent with nature, 
modelled by art. The fantaiitic and chimerical combinations of the old German style of 
ornament may be instanced as the very reverse of the chaste and natural apeciea which ia 
now sought after by people of good taste ; and we are happy to observe that thb corrupt 

[iiieruian style is now nearly obsolete even among Upholsterer's carvers. 



Combination of Coloured Woods, Metals, ^c. for Furniture. 



SO. Sometimes richness of effect is no further attempted tlian is obtained by the natural 
beauty of the wood which is employed ; and when this natural beauty is considerable, this 
simple kind of furniture is most highly valued. 

. But wood, so fine in colour and figure, as alone to give richness of effect to furniture, ii 
and still more frequently defective ; hence, the more usual mode of combining Att- 
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ferent coloured woods, ov of metals and sUells with woods, require some degree of sttentwn. 
The prevailing combinations arc formed by coloured bands, lines, and ornaments of wood, or 
by lines, beads, or ornaments of brass ; t!ie brass being in many instances cut into beautifid 
forms, and ftirther embellished by engraved lines on its surface. 

The circumstances to be attended to in forming these combinations, are, harmony of colour, 
due proportion of the coloured parts to one another, and relief by contrast. 

31. Contrast is produced by opposition in colour, and it should not be more powerful than 
is necessary to produce an agreeable distinctness of figure. For example, tlie contrast of 
bandings should not be too strong for the body of the work to which the banding is joined ; 
as, in that case, the beauty of the wood would be partly lost, in consequence of the eye being 
most attracted to the banding. Strength of contrast is produced both by opposition of colour, 
and opposition in the strenglh of the natural figure of the woods. 

Where a richly-figured ground is to be extended to a larger size by a border, contrast may 
be gained by the joint effect of a difference of colour and of figure, but in this case we prefer 
that tho difference in colour should be only in shade, and not of a different species; for in- 
stance, a darker or lighter variety of the same wood with a stronger figure ; the separating hues 
should be of an opposite colour, but so narrow as only to determine the boundary between the 
border and the centre, about as distinctly as the form of an object is determined by a line 
on paper. 

22. As opposite colours produce contrast, some explanation of a mode of knowing tlie colours 
which are directly opposed to each other, will be of use to the artist. 

All the Tarions colours in nature may be produced by combining the three primitive colours, 
red, yeUow, and blue : if a circle be drawn, and divided into six equal triangular parts by 
straight lines irom the centre, and one triangle be coloured yellow, the next to it green, the 
third blue, the fourth purple, the fifth red, and the sixth orange ; then, the colours which are 
opposite one another in the circle, are most opposite in their nature ; as orange is opposite to 
blue, purple to yellow, and red to green. 

If the three primitive colours be properly chosen, it wil! be found that the yellow and blue 
being mixed, they produce the green between them ; the blue and red being mixed, they pro- 
duce the purple ; and the red and yellow, being mixed, produce the orange -, and, hy varying 
the proportions in the mixtures, an immense variety of tints may be produced. Again, if any 
two colours which are opposite in the circle be mixed, the result will be a brown or neutral 
tint ; thus, purple and yellow make brown, red and green make brown, and orange and blue 
make brown, and the neutral colour brown combines with indifference with any of the olhi 
(See plalc II, Cabinet-Making.} 

23. Those coloura which are opposite in the circle produce contrast, and those which 
nearest to being side by side approach nearest to harmony. Contrast, however, must alwai 
be sparingly introduced, and in small lines or bands, and when it is properly managed, it en- 
livens the appearance of the work, while a little excess of contrast renders the effect tiorid, and 
the excess pushed a small degree further renders the object gaudy and vulgar. 

The theory of the combination of colours may also be Illustrated by drawing an equilateral 
triangle, and from each of its angles describe an arc of a circle, with a radius equal to two-thirds 
of one of its sides ; by this means the area of the triangle is divided into seven parts ; and, if 
the centre be brown, and the angular parts of the primitive colours, and the other three of the 
compound colours, the opposite colours in the triangle will be of opposite natures as in the circle 
before described. (Sec plate II, Cabinet-Mating.) ^| 
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The advantage of a clear idea of the relations of colours, is not only of use in the combi- 
nation of woods in cabinet-work, but also in upholstery, and, indeed^ in all works where the 
object is to produce richness of eftect by colours. 

Keferring again to the circular diagram, the agreement of our principles with the maxims of 
painters may be easily shown ; for they divide colours into two classes, warm and cold, and one 
side of our circle has the warm colours yellow, orange, and red, and the opposite the cold colours 
green, blue, and purple ; the warmest colour is orange, and it la opposed to the coldest or blue. 

24. The maxim of Dufresnoy — 

" Forbid two hostile colours close to meet, 

AiiJ win with middle tints their union sweet," 

may be attended to with much advantage, in cases where it becomes desirable to use coloured 

woods which have opposite colours; as the object may be attained by band lines, or ornament 

between them, having the colours of the middle tints in the circle between the opposing colours. 

85. We shall close our remarks on combination of colours with a few general maxims. Much 
depends on the colour of the principal mass of the piece of work, which we call the predo- 
minating colour. If this colour be rich, very little variety of other colours should he added. 
On the contrary, if the predominating colour be light and delicate, it will bear to be enlivened 
and supported by contrast with fine lines or borders of an opposing colour ; taking care that 
the mass of opposing colours be so small as- not to produce opposition instead of contrast ; for 
contrast, skilfully managed, gives force and lustre to the ground, while opposition destroys even 
its natural beauty. 



CHAPTER II. 



OF THE STYLES OF FURNISHING. 



6. The styles of furnishing ought obviously to be of a similar character to the architectuA 
'of the interior of tlie buildings, and, it scarcely need be added, that, at least, a similarity of 
character should be preserved in the same room. 

This, then, leads us to consider the nature of difierent styles, mth a view to distbgutsh their 
peculiarities ; and determine the latitude wc may take in their application. 

In our researches to ascertain these points, we have been astonished to 6nd that there was so 
little attention paid to the design of furniture before our own times. Indeed, before the appear- 
ance of Mr. Thomas Hope's splendid work, on Household Furnititre, it appears to have been 
considered a subject scarcely susceptible of improvement from the application of the principles 
of taste and design ; — happily, however, it has now assumed a more exaltf d character, and is 
not esteemed unworthy of occupying the attention of people of taste and faslion. 

27. The prevailing species of furniture at present adopted in this country, is of a style which 
associates well witli either Grecian or Roman Architecture. It has, however, more affinity to 
the mixed elements of ihe Roman than to the pure and simple elements of the Greek, But, as 
a few years changes the character of the prevailing style, we must endeavour to separate the 
distinguishing features of the di&brent styles, commencing with that of the Greeks. 
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Greek Style qf Fumitwe. 

f 

28. The articles of household furniture among the Greeks were fiatr from being numerous ; 

they consisted chiefly of beds, foot-stools, chairs, couches, tables, tripods, and vases; an^bf 
these we have only such knowledge as can be collected from vases, medals, &c. These had 
been partially collected by Winkelman, Count Caylus, and others ; which, with some scattered 
notices of particular objects by Stuart, &c., formed all that was known on the subject. It still 
remained to seize the characteristic features of these isolated fragments, and to embody them 
into a general system of design, and this was done by Mr. Hope. 

We have already stated in what their furniture consisted, and we now shall endeavour to gae 
the peculiar character of each article* 

29. The seats of the Greeks were adapted for one, or for more persons ; those for more ihan 
one were obviously scats for conversation ; and often in the form of a half-circle, so that the 
persons conversing might be more or less opposite one another. These seats were generally 
furnished with foot-stools. Those for single petsons have generally v^ry simple and elegant 
forms, remarkably adapted for combining vrith the contour of the human figure, (see aii. 8); 
while others are sti£^ massive, and ornamented with heads, legs, and paws of animals. It i^ 
singular that the specimens we have just noticed, as extremely simple and chaste, very much 
resemble the Egyptian ones collected by Denon and Winkelman ; and that the use of the fopt- 
stool seems to have been common in both places ; perhaps, in consequence of the Uttle atteti* 
tion they paid tp their floors, either as to construction or cleanliness. But we ought, at the 
same time, to remark, that the foot-stool seems to have been a regular mark of distinction 
belonging to dignified persons. 

30. The custom of eating in a half-reclined posture seems to have been introduced into 
Greece about six centuries before the Christian Era ; the couches for that purpose were of 
different forms, and the legs oflten highly ornamented. The plan of the couch was sometimes 
three sides of a square, sometimes half a circle; and it was, in general, divided into three parts; 
the centre one being the place of honour, and the master of the house took the one to the right 
of the centre one. The table was placed so as to be surroimded on three sides by the couch, 
and the other side was open to those who served the repast. The tables used for the purpose, 
seem to have been very plain. 

31. The tripod, or stand, for supporting the species of brazier used for warmingf their apart- 
ments, was generally of a very elegant form ; sometimes it was plain, and essentially composed 
of three legs supporting a ring to receive the brazier ; but, not unfrequently, these legs were 
composed of an incongruous assemblage of heads, paws, and legs of animals. 

32. But the most abundant and most ornamental part of Greek furniture was their vases. 
Of these there appears to have been three classes : those for domestic use ; those for orna- 
ment ; and those for containing the ashes of their dead. 

The class we here call ornamental is so termed only in consequence of our want of knowledge 
of any uses to which these vases may have been applied; and the beauty of their forms and orna- 
ments indicate that whatever use was made of them, they were also designed to please the eye. 
Here again we have to remark the singular circumstance that the prototypes of these vases 
were most certainly of Egyptian origin ; at least such is our opinion, arising out of a comparison 
of the forms collected in Egypt by Denon with those of the Greek vases. 
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S3- Their customs and conveniencies of life being so different from ours, we have, in de- 
signing furniture to accord with Greek architecture, nothing to limit Ihe artist besides the 
general principles of design, except attention to their species and style of ornament. Their 
absurd mixtures of the parts of animals we would recommend the artist to avoid, and indeed 
to avoid such forms altogether. But their beautiful mouldings composed of varied curves with 
flat portions, to give breadth of middle shade, and contrast to the small deep-cut rectangular 
mouldings which accompany them ; — their principle, of giving depth of shade by depth of 
sinking in preference to making considerable projections; — and, in a word, their chaste sim- 
plicity of design, and judicious admixture of bold and simple ornament, we cannot too strongly 
press on the attention of the artist. 

Roman Style of Furnishing. 

34. The remains of Roman furniture discovered among the ruins of Herculaneura and 
Pompeii, and the imperfect descriptions their authors have given, are almost Ihe only sources 
from whence we have any infonnation respecting the style of furnishing adopted by the ancient 
Romans. But these inform us that it did not materially diSer from that of the Greeks. 

The custom of dining in a reclined posture was introduced among the Romans about the 
time of the second Punic war, but it never became general, and was evidently considered a 
luxurious and immodest innovation. 

The conversation-seats of the Greeks seem to have been imitated, and also their tripods for 
braziers, as well as their tripods for religious ceremonies. Of the tables of the Romans, some were 
sustained by a single pillar, with a flat base or pedestal ; others by a pillar with a base, supported 
by three or four low turned feet; others with three or four legs, these legs not unfrequcntly stand- 
ing on a flat base, and sometimes on a flat base raised a little either on turned feet or paws of animaln. 

The most splendid articles of Roman decoration seem to have been their candelabra; of 
these it appears there were two kinds : one used for supporting lamps, the other for supporting 
fire, or lights, in religious ceremonies. The candelabrum was sometimes six feel in height. 

35. The general character of the ornament of Roman furniture was considerably inferior to 
that of the Greeks; it was more confused, wanted proportion of the parts to the whole, and 
chimerical flgures were employed in greater abundance, and combined with less taste. The 
ornaments from the veget.ible kingdom have been selected with less care, and often disposed in 
garlands and festoons ; and these are artificial arrangements of the productions of nature which 
must ever fail to harmonize with solid matter. 

The mouldings of the Romans are composed solely of rectangular and circular forms, com- 
bined in various ways ; — shade and relief are obtained by projection, and the under-cutting and 
deep-cut channels of the Greeks do not seem to have been, in any case, a subject of imitation, 
their mouldings are also more divided into small parts. 

These peculiarities render the Roman articles of furniture, in some degree, formal and 
mechanical ; and here we use the term mechanical to express the absence of that knowledge 
of the principles of art which is requisite to the perfection of design. 

Old English Furniture.* 

36. For this division of our subject, there remains very little to guide the taste of the artbt 
in the selection of liimiture that shall be appropriate for a mansion in the purest and beat 
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style of Old EngLiSpli Ar.cbite<ptuie •„ for, before bpuees suincientl^ cotntnodipus imd a^Uipte^ to , 
lb? recf^oa of a splendid assortment of furniture bad been erected, the declii^ of taste {r I 
catb^dral-arciiiilecti^c had luaDifestly taken place in Cpglnnd. 

a7. Tbe old Engjisli liousc-Ardiitecture, nbich is row so mucb imitatedj was formed durine ' 
this decline, and seems to be the result of a mixture of tbe rectangular eatbedral stj)e, with 
the seiobUnoe of c^tle-archilecture. Parts of such bouses unite well with a picturesque land- 
acape, and, in the bands of an artist, may be turned to account in producing "pretty bits" of ] 
composition i trhich, not itnl'requcnily, tempt people to fix on having their residences in thiy j 
style. It was ii>troduced during the reign of Elizabeth, and it has hecn justly remarked, that I 
the taste of that time is easily recognized by an affectation of elegance, amid an ostentatious 4 
parade of puerile ornament and fantastic decoration. A strange mixture of the emblems of 1 
religion, with armorial bearings and mytbologica) figures, was not uncommonly introduced in I 
the same design. The style of the whole being harsh, formal, and vulgar. 

Rectilinear parts, either turned to resemble an assemblage of balls, or flat and ornamented I 
with carving, having very little relief, were most predominant in this style of furnishing. 

SH. But, from want of examples, no peculiar features may be said to limit the application of ] 
tl)e principles of design followed by the old English to furniture beyond the obvious one, that 
nothing inconsistent with their mode of designing should be adopted. 

The continuity of the principal vertical lines, or parts, crowned with finials, should be pre- 
served instead of the horizontal ones, and yet, buttresses, and arches, and battlements, should 
be sparingly Introduced, if at all, it being directly contrary to good taste to imitate the external J 
features of a building in its furniture. 

39. It is too common for people to imagine that to make furniture in the old English style, ' 
nothing more is necessary than to use pointed arches, and clustered columns; and even thes^ 
are generally executed in a barbarous style. Neither of these, however, are essential, and the 
clustered columns can rarely be used with propriety in small works. 

" It is in the peculiar mouldings and the ornaments that the features of the style must be 
sought; and the best knowledge of these will be gathered from the intenial screens, niches, 
canopies, pews, seats, and monuments, of ancient Cathedrals and Churches. 

The mouldings of this style are bold, and remarkable for their strong contrast of light and 
shade i their sectional curves are very frequently of contrarj' flexure, and their flat parts rarely 
at right-angles to one another. Their ornaments ace often set in dots in a moulding designed 
to receive them. When finials are not incompatible with fitness, the principal line.-s should 
either simply, or Joined, terminate in such ornaments. 

.Tracery is one of the peculiar characteristics of this style, but in its imitation the modem 
artist rarely succeeds from want of :ittention to the beauty of form, and proportion of the 
works, of our forefathers. Acute angles and harsh intersecting circles are used where oblique 
surfaces and easy varying curves ought to be employed. 

There is a wide scope for novelty in this style, and if ever it be taken up by a person of good 
taste, who is perfectly familiar with tbe habitudes of the ancient artists, we may expect it to 
predominate among people of fashion ; but such fiirniture cannot become common, so loiw at 
Greek and Roman architecture are so prevalent. 
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CHAPTER III. 



OF THE DIFFERENT KINDS OF FURNITURE. 

40. In furnishing, the first thing which calls for attention is the right appropriation of 
funiitureto its object; and in this a considerable degree of variety, and consequently pleasure, 
18 iifforded to the visitant and inhabitants of a mansion ; for, with every change of occupation, 
a corresponding variation is met with in the furniture. 



Cf the Furniture qf JEntranceSalls, Saloons, Galleries, Anti-Rooms, Sfc. 

41. In rooms of this class, we are to remember that they are used only as places of passage 
being, at the most, only used for waiting, or while examining the works of art they contain. 
Hence, in addition to sculpture or paintings, the furniture should be confined to a suitable 
niniber of marble tables, with massive carved or plain frames, and a convenient number of 
seats and chairs, of simple and elegant forms, such as will bear strict examination, and yet 
not be attractive from colour ; for these rooms ought to produce their impression by arcbitee- 
tural effect, or through the works of art they contain, either of which would be diminished by 
rich and attractive furniture. 

In the entrance-hall, marble side-tables, as temporary places for putting any thing down, are 
vcvy. convenient and necessary. 

The chairs of the entrance-hall usually bear the crest of the owner. Hall chairs are gene- 
rally executed in oak, owing to the dullness and heaviness of the colour of mahogany ; the seats 
being of the same wood as the rest of the chairs, of whatever kind of wood tliey are made. 

4£. We give an example of a richly-carved Hall Chair in plaie /, Cabinet-making. It may 
be easily redueed to a plainer species by omission and alteration of the ornament. The scrolb 
may termjtate in flat round patents instead of roses, and much of the ornament may be omitted ; 
so that, in fact, a plain simple chair may be formed from this design, though one of the richest 
that need be used fer this purpose. 

In Staircases, Galleries, and Anti-rooms, seats are more appropriate than chairs ; they should 
be designed for one, two, or three persons. Narrow tables, supported by scroll-bradcets 
spnnging from a plinth, and fixed to the walls, form neat and usefiil api)endages, and there 
should always be such a quantity of furniture of this description as to fully stock the rooms, 
without rendering them so full as to be inconvenient. The Entrance-Hall is a room where 
paintiiigs are out of place, but sculpture, armour, and the hke, may be effectually employed as 
means of preventing the walls appearing bare. 

4& Rooms for games, such as billiards, ftc, should have furniture of a little plainer kind 
diaii' tfiat of tike hall ^ and whatever ornaments them should have some analogy to the use made 
of the rooms. 
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Of the Furniture for Drawing-Rooms, Music-Rooms, Libraries, Sfc. 

44. These are esteemed the principal apartments in a mansion, and require a corresponding 
attention to][the mode of furnishing. 

To produce good effect, the furniture should be abundant in quantity, and of the best 
quality. It should be arranged symmetrically, but yet so as to admit of as much variety as 
possible. These general remarks being made, we may proceed to treat of the separate species 
of rooms. 

45. The Drawing-Rooms are the chief apartments of a house; they are devoted to the 
reception of formal visits, and to receive company. In the Drawing-Rooms company asseidble 
before dinner, and also after dinner is over ; they should, therefore, be well fumished^ and with 
such articles as are adapted for display of taste and for amusement. 

(^ The furniture of a Drawing-ropm consists of tables, sofas, seats, chairs, footstools, com- 
modes, pier-tables, candelabra, fire-screens, bronzes, and vases. Large glasses are frequently 
placed over the chimney-piece and pier-tables, with splendid frames ; and the walls are further 
ornamented by appropriate paintings, none of which, however, should be large, otherwise they 
cause the room to appear small. . . 

The tables, sofas, ftc, are disposed so as to occupy much of the central part of the room, 
and, when well-proportioned and disposed, they increase its apparent magnitude considerably. 
Tables are made of rich-figured British oak, rose-wood, choice mahogany, and a few other 
fine foreign woods are sometimes employed ; the tops are often inlaid with brass and other omar 
mental borders of the kind, shown in plate VI, Cabinet-making. 

Beautiful Mosaic tables are also sometimes added as pieces of drawing-room furniture, and 
with good effect. 

A design for a Loo-Table for a drawing-room is given in plate 11, Cabinet^making ; and in 
plate III will be found a design for a Drawing-room Chair, made in conformity with the present 
taste. The Couches and Sofas should be made to correspond with the chairs. 

The expression o^fehe tout ensemble of a drawing-room should be more gay than grave ; 
hence, the predominating colours should be rather light and delicate, with a considerable pro- 
portion of gilding. We have already treated of the management of colours, so as to avoid the 
tawdry theatrical style which may arise out of an attempt to give an expression of gaiety. (See 
art. 23.) 

46. A LIBRARY is that portion of a dwelling-house which is appropriated to receive books, 
prints, mapsy and other things affording intellectual information or amusement It is also not 
unfrequently used for receiving the visits of intimate friends. 

A library requires less ornament than a drawing-room, but the difference should not be very 
marked between them. In our opinion, the difference should chiefly consist in the one being 
splendid and lively, the other sober and rich ; each capable of exciting admiration, but by 
qualities, in some degree, opposed to each other. If our judgement be correct in thb respect, 
these characters may be easily obtained by attention to the predominating colours of the rooms, 
and to the relief of the gay one by judicious contrast. The first object to be considered in a 
fibrary is the arrangement of the book-cases, and these are done in different manners. Some 
are'made in one height from. the plinth to the cornice; others in two heights, the top of the 
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loww one coneiponding with the surbase of the room, and projecting before the upper one so 
41 to hold deeper books, as well as to form a shelf to put books upon occasionally, in adjusting 
or returning the volumes to their places. 

47. In illustration of this subject, we have given the design of the Door-End of a Library 
fitted with book-cases in the style last described, (see phUe IV, Cabinet-making.) In this 
design the shelves are rendered of a proper length, by dividing the book-cases into parts by 
pilasters. The lower part has doors, but sometimes these are omitted. The cornice is con- 
tinued over the room-door, so as to connect the design ; busts of eminent men; and sometimes 
ornamental vases, are placed on the top ; and, when the height of the room admits of it, the 
space above the book-cases is appropriated to portraits. 

Book-cases are generally of oak, inlaid with dark brown oak, or black, and with carved roses 
and other ornaments ; but sometimes rose-wood is used with brass and gilded ornaments, and 
inlaid with brass. 

In public libraries, and others of considerable height, the book-cases are made in two heights, 
with a gallery for the upper part, supported on handsome brackets, and provided with an orna- 
mental railing. 

48. The shelves of book-cases are usually moulded on the edge ; and not unfrequently the 
edge is made a flat round, with a brass bead put in along the middle. 

The shelves are made to rest on racks, or on round pins of hard wood, of about half an inch 
in diameter, inserted in the end about three-eighths of an inch, and projecting as much ; half 
that portion of the pin which projects being cut away, and the other half let into the under- 
side of the shelf, each shelf resting on four such pins. 

Instead of wooden pins, we sometimes use square-headed brass pins, the holes for them being 
made in narrow brass plates, and the square part, or head, is let into the under-side of the shelf, 
each shelf resting on four of these as before, the pin part is about one-fourth of an inch in 

diameter. 

49. The distribution of the shelves should be according to the sizes of books, and the racks, 
or holes for the pins, should be adjusted so as to alter to any of the usual sizes. It is usual to 
provide for four species of books ; viz. — Folio, Quarto, Octavo, and Twelves, of which the 
extreme sizes are — 



Tiarge folio. 


19 in 


iches 1 


Small folio, 


15 


do. 


Large quarto. 


IS 


do. 


Small quarto, 


101 


do. 


Large octavo. 


18 


do. 


Small octavo. 


9 


do. 


Twelves, 


U 


do. 



Ill 


do. 


10 


do. 


8 


do. 


6i 


do. 


5i 


do. 


4i 


do. 



The lower range should always be deep enough for the largest folios ; and the upper ones for 
the largest quartos. 

50. The central part of a library should be fumbhed with tabtes, chairs, sofas or couches, 
writing-tables, reading-desks, globes, and apparata of a similar nature. Library tfteps are 
sometimes required, but it is much better to design the book-cases so that the books can be 
taken down without steps, avoiding, at once, the trouble and danger of them. 
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A design for a Library Chair is shown in plate I. Cabinet-malcing, in wliich our desigru 
has endeavoured to preserve the essential character of the library when contrasted with the 
Ughtness and elegance of the Drawing-room, Chair in plale III. In Library Tables convenience 
should be as much studied as ornament. They are usually provided with drawers, places for 
port-folios, &c. - 

51. When a Library is intended occasionally to be used as a drawing-room, it should be of a. 
mixt kind, partaking of the principal features of both rooms. And either through the in- 
creasing partiality of ladies to literature, or the decreasing taste of gentlemen for severe study, 
the fashion of maldiig drawing-rooms into libraries, or Ubraries into drawing-rooms, has become 
not un frequent, 

52. Of Music Rooms, we have merely to remark, that the splendour of the Drawing-room 
should be imitated, but with sufficient distinction to form, with the peculiar object of the room, 
a decided variety. Emblems of music introduced in the ornament are appropriate, and the 
forms of antique instruments may be occasionally used with good effect ; the Hamilton Vases 
afford, perliaps, some of the best examples for imitation. If antique masks be in any place 
appropriate for ornament, it is in rooms for music ; and the fine composition of some of these 
almost inclines us to say they might be used, or if not, at least they might be studied as ex- 
amples of composition in ornament. 
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53. The rooms devoted to the entertainment of company should be furnished with a view to 
answer that purpose with the best possible effect. The intention of the rooms should be 
apparent, and they should contain nothing calculated to divide the attention of the guest from 
the hospitable board of his entertainer. A few plain portraits are always sufficient to relieve 
the walls, and may sometimes serve also to relieve the mind of a guest, who is yet tout honteux 
either from youth or want of education. But sometimes the walls are so ornamented witli pic- 
tures, we might imagine that the table had been set out in a picture-gallery, lest the pleasures 
of the table and the mind of the host should be incompetent to banish dulness for the short 
season devoted to refreshment ; besides showing a total want of reliance on the company 
invited. 

Si. In the DiNiSG Room, therefore, all should be consistent with the object of the apart- 
ment. The chief himiture should he a sideboard, with its adjuncts, and dining-tables, chairs, 
side-tables, waiters, &c. 

55. The richest piece of furniture in the room should be the side-hoard, and, having to 
contrast with plate, it should have a species of richness which looks well alone, and yet shows 
the service of plate to the best advantage. Brass-work and gilding, or or-moulu', destroys the 
effect of plate in a considerable degree, and therefore we would avoid such modes of ornament; 
and depend on the natural effect of beautiful wood-work, with carved ornaments, and highly 
polished ; the handles being of bronze, or ebony. Variety may be obtained by sometjmet 
using bronze ornaments in the place of carved ones. The choice of the wood must depend oa 
the style of furnishing, if it be old English, oak should have the preference; while oak, unleV' 
it be of a rich brown tint and considerably figured, does not seem so strictly apphcable ta 
other styles of furnishing. 
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?he usual height of the top of a sideboard is 37 inches, its width from 30 to 3S inches, and 
length from 5 to 10 feet, according to the size of the room. The ieUaret, or wine-cooler, ia 
most convenient when separate, and is generally placed under the centre of the side-hoard 
when not in use. Tlie smallest size should be formed to hold 9 bottles, and for larger 
rooms the length may be increased so as to receive 12, and for very large rooms 15 bottlef, 
the depth should not be less than 13 inches. The clear space for each bottle is usually d{ 
inches square. 

56. A Design for a Side-board and Cellaret, according to the prevailing fashion, is shown 
in plate V, Cabinet making; with the most difficult parts to a larger scale on the lower portion 
of the plate. When the reader wishes to examine the effect of the side-board, it will be found 
an advantage to cover the detail ornaments on the plate with a piece of plam paper, and the 
same plan may be adopted for the other cases of a like kmd, and, also, when there are two 
designs on the same plate. 

57. Dining Tablet are of various kinds, but may be divided into two classes : first, those 
with frames and legs ; secondly, those with pillars and claws : each kmd has its peculiar 
advantages. 

Tables with legs liave the advantages of being steady, easily extended or contracted 
by means of frames which occupy very little space, and of being less expensive than other 

Tables with pillars and claws are esteemed more elegant; and they are free from the objec- 
tion of the legs rendering some of the seats at table incommodious. 

The best mode of making the tables with legs seems to be, to form the frame in two parts 
with sliders between them, part of the sliders having legs. When the parts are drawn asunder, 
one or more loose leaves are inserted between the fixed beds, till the table be of the proper size 
for the number to dine, and then they are secured by forked fastenings. 

When the size of the table is proposed to be altered considerably, additional legs to screw-in 
may be necessary, but it should be the object of the artist to make the trouble of changing as 
small as possible. Tables intended to draw out to a larger size should always be on castors. 

In some instances, a place for the loose leaves is provided in the frame, but a case for 
them under a side-table, or in an adjoining waiting-room, is better. This kind of dining- 
table was called patent, but the patent-right in it, as well as the following Ihnd, has now 
expired. 
I Tables, on pillars and claws, are made capable of enlargement by adding the drawing parts 
to extend between the blocks of two or three of these tables, so as to allolv of one or two leaves 
Wing inserted between two adjoining blocks ; the leaves and beds are then connected by forked 
fastenings. The loose leaves of these tables cannot be conveniently put in the frame when they 
are not wanted. 

The height of a Dining-table should not exceed 28} inches, and we think 28 inches a better 
height; the breadth of the table may be from 4 to G feel, according to the size of the room, 
and the length should be such as to allow two feet for each person at the sides of the table ; 
when a less space is allowed than two feet, the table becomes crowded, and the removal of the 
courses difficult for the servants, and troublesome to the company. 

The wood of dining-tahles should be of an even, hard, and uniform quality, and it should be 
equally figured over the whole table, with a small, in preference to a large, figure. Strongly- 
veined woods should be particularly avoided, and particular attention should be paid to the 
, colour and polish. 
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The object of these remarks is to make the table show to the best advantage when the 
dessert-course is upon it; and we never observed one look well on a hght-coloured, or a strongly- 
veined, nor on an ill-polished, table. Perhaps, the best wood for the purpose is good Spanish 
mahogany. 

58. Dining-room Chairs should correspond with the general character of tlie room ; so far as 
the cabinet-maker is concerned, the effect should be dependant on the joint effect of carving 
and the natural beauty of the wood employed. Dining-room chairs should be easy, and sub- 
stantial without heaviness ; they should not be larger than is necessary to accord with the size 
of the room, and may vary from 17 to 19 inches in the front, according as ihe room is a small 
or a large one. The height of the seat should not exceed 18 inches, and the top about 34 
inches. 

A Design for a Dining-room Chair is shown in plate III, Cabinet-making; where our designet 
has conveyed our ideas on this subject with considerable taste and accuracy. 

59. A separate Breakfast Room is not unusual in large houses, and it is generally a species 
of family room, where convenience and elegance should be substituted for formality and gran- 
deur. The arrangement of such a room must be more dependant on the taste and habits of 
the owner than any other, and therefore it would be difHcult to assist the cabinet-maker further 
than may be (lerived from an attention to the object of the room. . 



Of the Furniture of Sleeping and Dressing Rooms. " 

60. In rooms for these objects it is scarcely necessary to remark, that neatness, convenience, 
and comfort, should be their distinguishing characters. Superfluity Ui fiimiture, in such rooms, 
becomes a real evil by diminishing their space, and preventing that free change of air which is 
so conducive to health. We may further remark, that there should be a preference given to 
such simple forma of furniture, and modes of construction, as render the essential operations of 
cleaning most easily performed, and therefore less liable to neglect. J 

The wood employed for the furniture of sleeping-rooms should be sound and perfect ; and, I 
If of a compact close grain, and yet not liable to the worm, so much the better. If de- 1 
fective parts be used, they ought to be carefuUy filled up even with the surface with haid 
stopping ; and a like method may be adopted with the cracks of furniture already in ose. (See 
Chap. V.) 

The expression of rooms devoted to sleeping and dressing should, in our opinion, be rather 
sober and grave, than of the opposite cast, but equally avoiding gloominess and glare. The 
mild gray tints of the morn precede the meridian splendour of day; and hence, in sleep- 
ing-rooms, and the like, we would advise the u-se of neutral tints, and avoid bright and liglit 
colours ; and also the use of contrast. 

61. In Bed Rooms, the cabinet-maker has to furnish bedsteads, dressing-tables, drawers, 
washing-stands, dressing -glasses, clothes-horses, night conveniences, and various other smaH 
articles, most of them so well known as not to need more description. 

62. In Dressing Rooms more scope for taste is required. The liimiture should conust of a 
dressing- table, drawers, wardrobe, wnting-table, or secretary and book-case, cabinets, so&«, 
chairs, stools, &c. 

We have thus endeavoured to inform the artist of those circumstances which are most im- 
portant in the arrangement of a well-furnished bouse, and ouist now proceed to treat of dw 
construction of furniture. 



THE CONSTRUCTION OP FURNITUHE. 



CHAPTER IV. 



OF TUE COKSTRUCTION OP FURNITURE, 

"" 68. In this portion of our work we intend to give such notices of methods of executing work 
■ are most likely to be useful to the young workman. 



Methods qf Framing. 

64. Framing, in cabinet-making, requires the same precautions as framing in Joinery, (see 
Praclieal Joinery, art. 24 — 43,) when it is applied to form large surfaces, such as the tops of 
hiUiard-tables, the doors of wardrobes, and the like. For, owing to shrinkage, and warping of 
wood, large even surfaces can be formed only by means of pannelling. 

The width of the style of a frame should be about one-sixth or one-seventh of the whole 
width of a compartment of the frame ; we prefer one-sixth, and tliink less renders the effect 
poor ; the tenons should be one-fourth of the tliickncas of the framing, and the width of a 
tenon not more than Bve times its thickness. 

6.5. But, where surfaces of considerable width are to be formed without an appearance of 
framing, whether thosft surfaces are to be veneered or not, we should avoid framing them with 
other pieces where the grain of the wood is in the contrary direction, for the difference of tlie 
slirinkage of the two ways of the wood is so considerable, that it can scarcely be expected to 
stand without either warping or splitting when confined. Where warping is to be prevented, 
we strongly recommend that holes should be bored through, and strong iron wires inserted, at 
short distances apart, across the piece. These would act as clamps m preventing warping, and, 
at the same time, would not be affected by the shrinkage in width. 

66. Angles are framed in various ways, depending chiefly on the object of the work. External 
angles of mouldings and pilasters are either simply mitred, or rebated, or both rebated and 
mitred together, as in Jig. 1 to 4, plate XLIV. ; and Jig. 5 shows another method. Internal 
angles are generally grooved together, as ^g, G and 7, witli the outer edges mitred. Where 
the front edge only is to be mitred, a dovetail groove is made, and rather narrower at the 
back than at the front, so that the tongue tightens as it b driven in. 

"When a strong firm connection is wanted, and the wood is to he joined end to end, dove- 
tailing is to be preferred ; see ^g. 8, where AB is the part having the pins, and CD that with 
the dovetails. When the dovetails are not to appear, they may be formed as shown in Jtg. 9, 
which is .called lap-dovetailtng ; and, when the dovetails are cut through, it becomes the kind 
used to join the angle between the front and end of a drawer. When a joint is to appear as if 
it were mitred, the method of doeetailing employed is called mitre-docelailing, and is shown in 
fig. 10. The apparent edges are in this case always mitred to a depth of about an eighth of an 
inch. Fig. 11 shows the method of joining by keys ; the parts being neatly mitred, then saw- 
kerfs are to be made for the shps of wood called keys, which are to be inserted with glue when 
tlia joint is put together. 

lite. F 
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67. Drawers are alvrays dove-tailed together, but are made variously in other respects ; sn 
drawers for cabinets, secretaries, and the 1^6) are made by plougbiJig grooves in their »!des, 
ends to receive the bottom ; sometimes the groove is a lialf-dovctailcd one. Rebating 
bottoms is objectionable, because the draper-bottom frequently loosens and scrapes against the 
partition on which it runs ; but in those inserted with a dovetail-groove, which is made with a 
plane, the bottom is secured from sinking down, and b kept about a sixteenth of an inch clear 
of the partition. We, however, think u plane-groove, with narrow longitudinal slips glued 
into the angle between the side and the under side of the bottom, is better than a dovetail- 
groove ; and large drawers are generally done in the same manner. When a drawer is of con- 
siderable length, a grooved-muntin is often used to divide the bottom into two lengths, so that 
thinner and lighter bottoms may serve. Drawers made of unseasoned wood, break at the jointai 
to prevent this, slips arc sometimes glued on the inside of drawer-sides or ends, and these 

I grooved to receive the bottom, and the upper edge rounded ; this is esteemed the best methi 
for preventing drawer-bottoms from splitting, which sometimes happens when they are coi 
by a slip glued down to the under-side. 

68. In framing chair-work, and the like, the tenons should always be in the direction of 
grain of the wood, and the mortises made obliquely to receive them. This is easily done 
supporting the piece to be mortised on a proper saddle, so that the chisel may enter in a 
tical direction. 

Great care must be taken in mortising, that the mortise may not be wider el the bottom 
at the entrance ; and that the tenon be not smaller at the point than at the shoulder, s 
firmness in the mortise depends on attention to these circumstances ; we have found it an ad' 
tage where much fitting was required to ease the entrance of the mortise slightly widi a fit 
previous to fitting together. 

The mortises should be well glued when the parts are put together ; and, in applying 
cramp to force the joints close, let the direction of its action be in the direction of ^e 
otherwise, either immediately or afterwards, imlure may be the consequence of its pi 
being oblique. 

G9. The mode of finding the bevels for framing, in cabinet or chair-work, is so ezeeedmi 
simple, that it seems unnecessary to mention it, unless it be for the assistance of youtli. To 
find the bevels for chair-r:uls : on a plain piece of thin deal, or drawing-board, (he front edge 
being straight, draw a line perpendicular to it; then, if the front of the chair iv to be 17 inches, 
and the back 14', 3 inches being the difierence, take half of it, or 1{ inches, and along the edge 
of the board set off that dbtance from the line. Also set off, on the line, the distanoe firom 
the front to the back, which suppose to be H inches, then draw a line from this point to 
point on the edge li inches distant from the first line, and it will be the bevel required; 
by setting off the size of the front leg, the length of the rail is found. If the rails be curv) 
the inner-sides may be made straight to apply the bevel ; or a template may be made fidapieH 
to the curve. Usually, however, curved forms are oblained by glueing additional parts to 
straight rails after the tenons are formed. 

Before we quit the subject of framing, it may be useful to state, that the beauty of work of 
this kind greatly depends on the forms of the parts being agreeable and casyj if tliey be gi«ccfii! 
- so much the better, and to obtain the power of making graceftil curves, and scrolls, we refer 
reader to tlie advice we have already given in art. 4. It has been remarked, that a dilierence 
observable when chairs or sofas arc made from the same patterns by different workmen, 
chiefly from want of taste in the beauty of outline ; but the difference which appears when 
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fcrent peo^^e attempt to execute the same des^n is nueb greater, and sometimes almost incon- 
ceivable; the one making it a clumsy, ill-formed caricature ; the other embodying, in solid forms, 
Ibe real ccmception of the designer ; and this can be done only by one already, in some degree, 
acquainted with the art of design, and possessed of a correct eye for beautifiil forms. 

We have seen attempts to sopply a deficiency of taste by geometrical rules, but, unfortunately 
&r these learned and formal gentlemen who made the attempt, they cannot produce a complex 
outline, without having to patch it out of curves diEFerently generated ; and they know very 
well that such curves cannot be joined to produce agreeable forma. The beat machine for pro- 
ducing curvilinear forms is the hand, trained by practice to obey the eye, and move in easy 
graceful lines. Practice in drawing on a large scale soon improves l)oth the eye and the hand ; 
while every mechanical substitute for practice ought to be avoided. It was justly remarked 
by Hogarth, " that Albert Dyrer, who drew mathematically, never so much as deviated into 
grace, which he must sometimes have done in drawing from life, if he had not been fettered 
by his own impracticable rules of proportion." The cabinet-maker, by this tilne, feels that his 
art is more nearly allied to painting than to mathematics ; and we trust a second reference to our 
remarks in arl. 2, concerning the adaptation of furniture to the beautiful fbmu of tbe human 
figure, will confirm him in this opinion. 



^^P Cff Veneering, Banding, ^c. 

70. VEKEEBiNa is the art of laying down with glue e very fliin piece of wood, of a fine 
quality, called a veneer, upon common wood. Veneers are laid either by means of a tool called 
^^ s veneering-hammer, or by cauls. 

^^L. In veneering with the hammer, the ground should be warmed at the fire, and the outside of j 
^^B tile veneer being wetted with warm water, or thin glue, with a sponge, and the side to be laiA { 
^^^ eevered with a coat of thin glue, and warmed at a fire, the veneer is to be quickly laid on the 
ground and worked by the hammer, and commeD<nng at one end, work fi'om the middle to e»6h 
aide till neither air nor glue will come out. 

The object of veneering is cheapness, by saving beautiful wood ; otherwise it would have no 
advantage, for the ground, glue, and extra time, are fully equivalent to the expense of plain 
solid wood'. Veneering with the hammer answers very well, when veneers are tolerably straight 
and even ; but this is rarely the case with finely-figured woods, hence it is necessary to employ 
another method called veneering with a caul, 

71, A Caul is made out of solid wood, shaped to the surfiice to be veneered, and, being well 

IJieated, and af^rwards oiled and greased, it is screwed down upon the veneer, and by the 
pressure and its heat sends out the glue, causing the veneer to bed close to the ground. For 
darved surfaces, sometimes thin wainscot is used for cauls, and, by heat, made to bend to the 
^h>oked surface. In general, cauls of one-inch deal, keyed across to keep them straight with 
vainscot, are used for card-table tops. 
' Various opinions arc held regarding the use of cauls, but where the veneer is of a nature to 
ridhnit of being laid by the hammer, we would prefer it. 
' ff a caul be employed, the veneer must necessarily be rendered of a very unifiirm thickness; 
or, wherever there is a thin place the glue will collect, and, consequently, the veneer be imper-- 
fectly laid, and liable to blister. In order to heat the cauls regularly and sufficiently, a large 
hot-plate is employed by some cabinet-makers. A hot-plate consists of a thick plate of casl- 
, with a fumace-fire below it. One heated by steam is more safe, and not liable to over- 
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heat ; and we may add, that steam-pipes are extremely well adapted for drying, and for warming- 
work-shops, in consequence of their safety against fire. On this subject, Mr, Tredgold, 
his treatise on Warming and Ventilating Buildings, remarks, that, " in the manufacture 
various articles made of wood, it is desirable that the work-rooms should be dry, and susi 
I at a moderate heat in winter, about equal to that of dwelling-rooms; but it is not good either fc 
Lthe health of the workmen, or for the articles made, that the temperature should be higher; ai 
\ steam is certainly the safest mode of heating such places, besides having advantages in heal 
I glue, drying wood, and laying veneers, which cannot be easily obtained by other methods." 

72. Whether veneers be laid with the hammer, or by cauls, the superfluous glue and 
f ur must be driven out, and the veneer prevented from rising in parts, where it had warped 
I seasoning ; much, however, of the trouble which crooked veneers occasion might be avoided 
[ liaving them kept straight from the time of cutting till they be wanted. Veneered work shoi 
I never be suffered to dry very quickly. 

\Vlicn veneers are to be joined without showing a joint, the line of joining should follow 
L grain of the wood, in some vein which may be easily imitated by stopping. This method 
' not be applied in many cases, on account of the size of the veneer rendering it difficult 
I ^atch the parts in such a manner as to appear as one piece of wood. If the match cannot 
made, joinings, in some regidar manner, do better; as, for example, to meet in tlie centre of »' 
table, pannel, or other piece of work. 

73. Banding is a term applied to a narrow strip of veneer used aa a border, or part of ■ 
border, cither to a large veneer, or to solid wood ; in the latter case, a rebate is sunk for 
banding. Banding is of three kinds ; it is called Straight-banding when the wood is cut leni 
wise of the grain ; Cross-banding when the wood is cut across the grain ; and Feaiher-bandii 
when cut at an angle between the two. The latter kind is not often used, nor does it prodi 
a good effect. 

Between the banding and the central part, one or more lines are generally uiserted, and 
times a narrower band. The chief object of banduig is to increase the beauty of a plane 
surface by forming a species of border to it ; and it requires considerable skill to give the 
desired effect. In considering the Combination of Coloured Woods, we have already given tbfr 
principles which ought to be understood in applying banding. (See art. 20 — 25.) 

The joints of Banding should be as well matched as possible, both in respect to colour 
grain ; and, excepting the miti-e-joints, it "is an advantage to make the joints at the vems 
the wood. 

0/ Inlaying, Buhl- Work, ^c. 

74. Inlaying, in cabinet-work, was formerly much in use ; but it was executed in a tasteless 
gaudy style, which led to its being neglected. It is also an expensive mode of ornamenting 
furniture, and, when not well done, it is subject to speedy decay : it has lately been revived xk~ 
a more chaste and correct style. 

The art of mlaying with woods, metals, and shells, is very old ; it is said to have I 
brought from the East by the Romans with their Asiatic spoils. It was practised in Italy « 
considerable skill in the I5th Century. John of Verona, a painter, and contemporary of t 
celebrated Raphael, was the first who introduced the use of dyed-woods, and may be considen 
die founder of the taste for imitating natural objects m coloured woods. His foUowera im 
proved on his methods by adding the art of browning wood by heat, so as to obtain graduatii 
shades of different intensities. 
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Towards the middle of the l"th Century, the art of Inlaying was carried to great perfec- 
tion Ln France, and many very able artists appeared about that time : of these, the famous Buhl, 
or Boule, was the most distinguished ; and so numerous and excellent were his works, that it is 
not uncommon to ascribe to him alone the perfection of the urt ; indeed, such work is famiUarlv 
known here by the name of Buhl-work. 

The art declined in France for want of encouragement; and, in Kngland, it was never 
luccessfully cultivated till within the last ten years, when it was revived here in very good taste, 
the object being to form ornamental patterns, borders, &»:,, instead of barbarous and, at best, 
gaudy imitations of fruit, flowers, birds, animals, and landscapes, in materials so imperfectly 
adapted for such purposes. 

15. In this art the part for the ornament, and that for the groimd, are glued together, and 
the design being drawn upon one, both are at once cut tlirough by a very fine species of bow- 
saw. Thus, there are four parts obtained, which, being put together in two, the one is the 
ornament designed in its proper ground ; and the remainder of the ground, combined with the 
remainder of the ornament, gives another pattern called the reverse. 

76. The plates of brass or other metal sliould be of the usual thiclciiess of a veneer, or as 
thin as can be conveniently worked, and made rough on both sides with a coarse file, or toothing- 
plane. The veneers of wood or other matter to be combined mith> them should also be toothed ; 
and, both the plates and veneers being warmed, first pass a coat of glue over one of the metal 
plates and cover it with a thin sheet of paper, then coat the paper with glue, and cover it wilh 
the veneer. Place them between two smooth and even boards, aud let them be kept together 
either by a screw-press, or by hand-screws, and remain till dry ; they will then be found to 
adhere together with sufficient firmness for cutting to the pattern. 

77. The pattern should be drawn on the veneer, or if, from the colour, it should not be suffi- 
ciently distinct, a piece of paper may be pasted on the veneer, and af^er it b dry the design 
may be drawn upon it. The lines of the pattern should be cut with a bow-saw, having a very 
thin and narrow blade ; such a saw may be made of part of a watch-spring, and the bow, or 
the stretcher, of the saw, is required to be at such a distance from the blade as will admit the 
latter to turn and follow the lines of the pattern in any direction. The frame of the saw should 
be as light as possible. Where the pattern does not in any place approach the edge, a small 
hole must be made for inserting the saw ; and it is usual to saw upwards, that mode of sawing 
rendering it more easy to follow the lines correctly.' When the whole of the pattern is cut out, 
the veneer or shell may be separated from tbe metal by exposing them to steam, or to warm 
water. 

78. The next object is to jouj the parts so as to produce two complete ornaments; the one 
composed of veneer inlaid with metal, the other of metal inlaid with veneer. For this purpose, 
on a plain surface, place a piece of paper of sufficient size, and tlie veneer upon it, then wilh 
strong glue insert the metal-part in the veneer, and rub it well down with tlie veneering-hammer 
and glue ; next, cover the whole with another piece of paper, and place it between two plain 
boards, which had been previously well warmed and rubbed with tallow, and screw or press 
them together. If this be properly done, the work will separate from the boards when dry ; 
and) the paper being removed, it may be Uid in its place as a veneer ; but a caul is usually 
employed in preference to the hammer, (see art. 71.) The reverse pattern, it is obvious, should 
be prepared for laying in the same manner. 

79. The process is the same whether metal and wood, or metal and tortoise>BhelI, or two 
woods of different colours be used. When shell is employed, the under aide of the shell is 



2S PRACTICAL CABINET-MAKING. 

sometimea ooloured with aome bright colouri as red, yellowi &c., mixed with yamish ; and not 
unfrequently it is gilt When the colour is dryi the veneer is hid with the coloured or gilt side 
down { and it produces a pretty effect through the transparent substance of the shell. 

80. In order further to illustrate this interesting department of the art, we have given two 
designs for inlaid Borders in pl^ite VI^ Cabinet-making. The iq>per one is rich and fidl, and 
to give the proper effect the assistance of the graver will be necessary. The lines cut by the 
graver should be filled with melted mastich, coloured black or brown, to match the colour of 
the wood. 

The lower figure, in plate FI, is less complex, and in a bolder and better style for use. In 
this, also, part of the effect must be obtained by the graver, and filling its cuts with coloured 
mastich. 

81. The woods used for inlaying should be of a dense, close-grained texture, particularly 
when inlaid with metal. 

Brass is much employed ; and, in selecting it, some attention should be given to obtain that 
of a good colour; for, by varying the quantity of ainc in its composition,' both its colour and 
quality is much affected. 

The brown and yellow-brown coloured woods combine with either white or Uack; bui^ 
when the brown' approaches to red, brass does better ; and, in some cases, ^d, close- 
grained satin-wood, of a good colour, might be substituted for brass with good effi^ though 
not with equal brilliancy of relief. The parts of ornaments, in black or white, in any ground, 
should be kept small to avoid dull heaviness in the one, and too strong a glare of light-colour 
in the other. 

82. We have no doubt that dyed woods may be used with considerable eflfect in inlaying, 
provided the error of introducing unnatural colours be avoided. It is a great mistake to 
imagine that a variegated patch-work of high coloured parts will ever be esteemed by people of 
good taste ; but it is one equally great to suppose that there is any objection to the use of 
dye when it is applied under proper restrictions ; that the beauty of work is indebted to dye 
must be concealed, and its use should be merely to imitate or improve the Inilliancy of natural 
tints, so as to render beautifiil furniture less expensive. 



Of Carving, Heeding, 8fc. 

83. The first subject that requires attention, in carving, is the quality of the wood« It 
ought to be perfectly seasoned, and free from cracks or faults, and as uniform in its texture as 
possiUe« 

The first process is to form the object or ornament roughly, but in its true proportions; this 
is called boasting, and in this sense it is tlie principal ground-work of the art, and requires th^ 
skill of a master in carving. 

84. The carver who is best skilled in drawing is, for the most part, employed in boastin^^ 
as he has the best idea of the quantity of projection that should be given to Ae respecti^ 
parts, to accord with the design as exhibited on the plane surface of the paper. After making 
out the sketch, the carver has to shape the outline with saws or gouges, and tl^n mak^ out 
the prominences of each part when necessary or proper, by glueing on pieces of wood for that 
purpose. The roughly-formed pieces are fixed for carving, ^and, in some castt^ this is done by 
glueing Uiem to a board, with paper inserted between, to endi>le the cawer to take the carving 
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off witli more ease when it is finished. Wlien the work is properly fixed, the carver proceeds 
to place his gouges ; and, by a Judicious choice of such kinds only as will suit the turn of the 
parts in boasting, endeavours not to have more than he can use without confusion. 

85. Next, the principal lines of the whole piece are formed, so as to be a sufficient guide in 
finishing ; the work is then put into die hands of the finisher, who completes it by means of 
gouges and cutting-tools of various forms. In some cases, this division of vork is not followed, 
but one carver begins and finishes the whole of a carving; but where there are a number of 
hands employed, and in pieces that require much skill, the other is much the beat method. 

86. In carving valuable species of wood, it is usual to contrive to put the ornament together 
in parts, and attention to this subject is necessary in tlie design of the ornament, so that the 
carver may avail himself of joining. The mode of forming the large roses for the scrolls of 
the Loo Table, plate II, and the leaves to go round Uie portion of the pillar, to which thv 
•crolla join, will illustrate this principle. Tlie central portion of tlie rose is inserted, and so 
are the balls in the leaves, and greater effect may often be obtained by this mode of combination, 
as well as more perfect workmanship, tlian by any other. 

87. The most of the carved work in the designs in plale I, II, III, and V, is sliown on an 
enlarged scale in separate figures, on the plates for the use of those who have not easy access to 
good specimens of ornament. The confusion that is occasioned by thus filling the plates with 
figures may be avoided in examining any one of the designs by covering the plate with a jiaper 
which has a rectangular opening cut in it large enough to show the object to be examined. 

88. The union of carved and turned work has almost always a beautiful eifect ; but, in pro* 
ducing richness with the smallest degree of labour, the combination nay be cftrried to a graet 
extent. 

When a patera is turned to a proper form, the carver, by a few simple operations, giv«« it 
the effect of a rose. Leaves may he formed round turned legs by the like simple means j and 
the species of effect thus produced is bold, chaste, and simple; and in our opinion vastly &»)ie- 
rior to the more minutely laboured works commonly produced by the carving tool. 

89. Reeuing is a species of ornament much use<.l by cabinet-makers; and we think of.en with 
good effect in cbwr, and in all species of turned work. It is preferable to fluting or cabling in 
appearance, for it produces a bolder effect in small works than fluting. It has been remarked, 
that reeding is tlie only ornament that has escaped the notice of the ancients ; but this is a 
mistake arising from its not being used by tliem in architecture, where it is decidedly' inferior to 
fluting. When reeding is introduced, on flat surfaces, there ought always to be three, five, ot 
seven, and ao on, the odd one being In the centre. If reeds be on a table leg, or bed pillar, or 
the like, tliere should be a central reed in each Iront. 



Moulding Ornam^tits, Figures, ^c, in Imitation t^ Wood. 

90. To avoid the expense of carving in wood, several attempts have been made to cast 
figures and ornaments to resemble wood. The most approved process we here present our 
readers. It was invented by M. Lenormaud, and rewarded at the Exposition of French 
Products, in 18^3. 

Make a very clear glue with five parts of FUnders glue, and one part of isinglass, by dts< 
solving the two kinds separately in a large quantity of water, and mix them together after tbey 
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have been strained through a piece of fine Imen, to separate the filth and heterogenlsous parUr 
which could not be dissolved. The quantity of water cannot be fixed, because all kinds of 
glue are not homogeneous, so that some require more and some less ; but the proper degree of 
liquidity may be known by suffering the mixed glue to become perfectly cold, it must then 
barely form a jelly. If it happens that it is still liquid when cold, a little of the water must be 
evaporated by exposing the vessel in which it is contained to heat. On the other hand, if it 
has too much consistence, a little warm water must be added. The glue, thus prepared, is to 
be heated till you can scarcely endure your finger in it ; by this operation a little water is evapo- 
rated, and the glue acquires more consistence. Then take raspings of wood, or saw-dust, 
sifted through a fine hair-sieve, and with the glue form .it into a paste, which must be put into 
plaster or sulphur moulds, after they have been well rubbed over with linseed or nut-oil, in the 
same manner as when plaster is to be moulded. Care must be taken to press the parts into the 
mould with the hand, in order that the whole may acquire the perfect form : then cover it with 
an oiled board, place over it a weight, and suffer it in that manner to dry. The drying may be 
hastened a little, and rendered more complete, by a stove. When the casting is dry remove the 
rough parts, and if any inequalities remain behind they must be smoothed, and then the orna- 
ment may be affixed with glue to the article for which it is intended. 

It may be varnished or polished in the usual manner. This operation is exceedingly 
easy; nothing is necessary but moulds, and, with a little art, the ornament may be infinitely 
varied. 

91. When large articles or figures are made, a paste, similar to the former, should be made 
with very fine saw-dust, and place a stratum, of about three-sixteenths of an inch in thickness, 
on every part of the mould, after which it is left to dry almost entirely. In the mean time, 
paste of coarse saw-dust should be prepared with common glue, adding to it a sixth of isinglass. 
First, put together two parts of the mould, after introducing into the joints between them a thin 
stratum of the fine paste, made very clear, and applied with a small brush. Fill up the vacuity 
between the two pieces with coarse paste, and then apply the third piece as the second, and so 
on until the whole be adjusted, always filling up the vacuities with coarse paste. Set the whole 
to dry in the mould ; in this way may be obtained a figure resembling solid wood, executed with 
all. the delicacy of plaster figures. It is necessary to learn the art of determining the proper 
degree of drying, for if the figure be taken from the mould before it be properly dried, it will 
become warped, and if it be too dry, it cannot be corrected but with a file, which is tedious 
and laborious ; whereas, if the proper moment be seized, the paste may be cut like wax ; espe- 
cially if the saw-dust used for the exterior has been fine. The figures may afterwards be com- 
pletely driqd in a stove, by which means they will acquire a degree of hardness and solidity 
hardly to be conceived. Figures, thus moulded, may be bronzed or varnished ; they will then 
be imalterable by the effect of moisture or dryness. 

For ornaments to be often repeated in the same work, for continued ornamented mouldings, 
and all similar purposes, a means of casting a direct imitation of wood is most valuable. A 
mould is easily procured firom a modeller, at a small expense, and no finrther art is necessary 
than what we have detailed. 

92. The species of ornament called Composition Ornament, is used where the mass is not 
great, and the surface can be covered with gilding or paint, and is not exposed to wear. Sunk 
roses, and other ornaments, which are protected by projections or mouldings, may be done, in 
this manner, and it may be successfully applied to all objects beyond the reach of accident. I 
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The iineness and eTennesa of the pumice-stone should be particulaxly Eittended to ; and in 
using it, rub it in the direction of its fibres. The use of dry pumice-stone in Eaishing is also 
attended vith so much advantage, (hat we axe surprised to find it eo little used, particularly in 
the country. 

95. In cleaning off veneers, after the glue has been removed from the surface, let it be 
toothed in a diagonal direction, and in proportion as the surface is rendered even, give the 
plane less hold ; and, finally, use a plane with very fine teeth ; then remove the tooth-mazks 
with the scraper, and finish the surface with glass-paper, or pumice^tone and glass- 
paper. Veneers are scarcely ever of so soft and porous a nature as to require raising the 
grain. 

96. When veneers are inlaid with brass, the brass should be filed level with a flae single-cut 
file, and neit rubbed with pumice-stone ; then take fine powdered tripoli, and mix it with 
linseed-oil, and by means of a piece of felt, or hat, rub the brass-work with it till the de^red 
surface be produced. When the ground is of ebony, or dark rose-wood, the brass may be 
brought to a still better surface with very finely-powdered charcoal. 



Of Stopping the Defects of Wood -Work. 

97. When there are defects in wood, and they are most common in the finest figured woods, 
a stopping to imitate the colour of the wood must he inserted before the surface be finished. 
For hard wood, very fine saw-dust of the wood to be stopped, mixed with clear glue, and 
rubbed into the defective places, is by far the best species of stopping. Wlien the surface is 
to be painted, whiting may be used to mix with glue instead of saw-dust of tlie wood. Tliis 
mode of stopping is applied wlien the surface has been planed or scraped, so as to show where 
its defects are ; and the stopping must be allowed to be thoroughly dry before it be attempted 
to finish it. 

98. Defects are also frequently stopped with a composition called cement, made to imitate the 
colour of the wood at the place to be stopped. Such cements are composed by weight of one 
part of rosin, and four parts of bees'-wax, melted together, and one part of oolouriDg natter is 
then added. 

The colouring matter added to imitate mahogany is Indian red mixed with a small proportion 
of yellow ochre, which requires to be varied according to the colour of the wood. To imitate 
oak, yellow ochre and umber may be used in proportions according to its colour. The cement 
is melted and rubbed into the defective places, where it hardens on cooling. The objectioii to 
this kind of cement is, that it softens by heat ; but, for various cases, where it b not liable to be 
exposed to heat, it is very convenient. 

^. Another cement may be formed by grinding, in spirits of turpentine, the colours required 
to match the wood, to the consistence of a stiff paste ; and then, slightly softening this paste 
with turpentine -varnish, stop the defects with it ; in about a day, in a warm place, the turpen- 
tine evaporates and leaves the stopping very hard, and it has the advantage of not softening 
by beat. 

Common work is usually stopped with glazier's putty, which is mixed with colour to imitate 
the wood. Painted work should not be stopped till it has been primed ; and putty should 
never be applied where the defects are of considerable extent. 
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OF STAINING WOOD-WORK. 

100. The term Staining is applied to the art of imitating rare or beaotifiil species of wood 
by dyeing the surface of some common wood, which is a like textnie. It will be the most con- 
venient to follow the arrangement of the species of imitation in use. Staining is chiefly employed 
for Chairs, Sofas, and Bedsteads ; and the surface is afterwards polished or Tarnished as that 
of the natural wood. 



Black Stain, or Imitation of Ehony. 

101. First, form a stiun of galls and logwood, in the proportion, by weight, of IS parts of 
logwood to 2 parts of galls, and give the work one coat with this stain* Add one part of ver- 
digris to the stain, and give the work another coat. Then add one part of sulphate of iron ; 
and apply one or more coats as may be deemed necessarj^ 

The woods most adapted for imitation of ebony are h<^, pear-tree, and beech ; and it is 
employed for chairs, mouldings, pateras, &c« 



Brown veined Stain, or Imitation of Hose' Wood. 

103. For the ground, make a stain by boiHng 16 parts of logwood in 64 parts of water, till 
the liquor acquires a deep red colour. Then add one part of carbonate of potash, and apply 
the stain hot, letting the work become nearly ^ry between each coat, till a good rose-wood 
ground be formed ; after which let it "become quite dry. 

To form the veins, heat the black stain above described, as used for the last coat, and with a 
graining-brush, such as is used by painters, make the dark veins on the work* The veins 
should be disposed to represent the dark parts of the natural wood with as much taste and 
skill as possible. 

The process may be reversed, and the wood first stained black, and the light veins 
produced by the Dyers' solution of tin, applied by means of a graining-tool formed for 
the purpose. 

The wood used for staining, in imitation of rose-wood, is chiefly beech ; and chairs, so&Sr 
and the like, are stained in this manner. 



Brown Stains to Imitate Mahogany. 

103. The surface may first be rubbed with a diluted solution of aqua-fortis; then one 
ounce of dragonVblood being dissolved in a pint of spirit of wine by heat, and one-third of 
an ounce of carbonate of soda being added, the mixture is filtered, and afterwards laid on 
with a soft brush. On being done over a second timet the wood acqiures the external appear-^ 
ance of mahogany. 
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104. The process is effected with less expense by rubbiflg the work with a dilated solution 
of aqua-fortis, and then exposing it to heat. Small articles it is sufficient to hold before the 
fire^ but larger ones require to be placed in an oven^ or covered with hot sand. The strength 
of the solution, and the degree of heat, are easily tried by a small specimen of wood of Ihe 
kind to be stained ; for diffisrent kinds require different treatment : we have found for beech that 
half water and half aqua*fortis is a good proportion; and the degree of heat best adapted for 
striking it in, about 300^, or a little below the heat of an oven for baking. The colour depends 
much on die colour of the wood it is used upon. Box-wood acquires a beautiful brown by 
this method* ^ 

105. A stain resembling dark mahogany is produced by archil, applied cold, but it speedily 
fades. It may be rendered more permanent by washing the work over mth lime-water, and 
letting it dry previous to applying the stain. The stain may also be improved by brushing it 
over with a hot solution of potash. It may be of use to remark that all alkaline substances 
strengthen and restore vegetable purples ; while all adds change them to reds, and render them 
more permanent. 

' 106. A cheaper dark mahogany colour may be obtained, by staining the wood twice or thrice 
with a strong decoction of log-wood, applied hot, and then add a small portion of common 
soap to the stain, and give the work two coats, with the stain hot^ after the soap has been 
added. Adding potash produces thd same colour as soap, but the work does not polish so 
well. This stain is chiefly used on beech for bedsteads, and sometimes for chairs. 

107. An imitation of mahogany may also be made by brushing the wood of the cherry-tree 
with lime-water ; that is, water in which quick-lime has been dissolved. The lime that remwis 
on the surface mu9t be carefully brushed o£^ and the chairs oiled or polished in the ordinary 
manner. 

108. The operation of staining is founded on similar principles to the art of dyeing, and we 
think both these arts are capable of great improvement. The greatest defect is the want of 
permanency of the colours. In all the processes of staining an attention to clean vessels^ and 
soft-water, is necessary, to obtain clear bright colours. Previous to stain being applied^ it is 
an advantage to brush the surfaces well to free them from dust» and if they be Jilightiy washed 
with a sponge and clean water, and suffered to become nearly dry, they will take the stain 
much better than when perfectly dry, and the same remark, about the degree of dryness, 
applies to the repetition of the coats of stain. 



OF POLISHING WOOD-WORK. 

109. The object of polishing is to make the surface of wood-work bright and smooth, and 
to improve and protect its colour. By rendering it bright, it reflects light, and exhibits the 
natural figure and colour of the wood with much greater effect ; but it also renders every defect 
more apparent, and therefore the more perfect the polish, the better the workmanship ought to 
be. French furniture has always been much admired, in consequence of the beauty of its 
polish, and we may add the care bestowed in finishing the surface, as well as in avoiding soft 
and porous wood for good furniture ; as we well know that polish alone does nothing unless it 
be employed on an object worthy of polishing. 

There are several methods of polishing depending on the use of the articles, or the modea 
of operation. 
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Common Polishing. 

no. The most simple is oil-polishino, used for ordinary work. It is merely oiled with 
linseed-oil, which causes the colours of the wood to be reflected more strongly ; and, by slight 
oiling and rubbing, a bright gloss may be produced wherever the wood has been well cleaned 
off. Where it ia intended to improve upon the natural colour of the wood, the oil is coloured 
by alkanet-root, dragon's-blood, or other colouring matters which dissolve in oil ; the solution 
6eing assisted by gentle heat. Sometimes, for porous woods, insoluble colouring matter, such 
ftB ochres, rose-pink, &c., are added, but these seem to have very little effect. 

In getting a polish on new furniture, the oil is applied with very fine sifted brick-dust. The 
object of this addition is to wear the wood to a smoother surface than is obtmned by cleaning it 
ofiF. The brick-dust and oil forms a kind of putty under the rubbing cloth, and when it does 
■o, no further addition of dust should be made, but the rubbing continued till the desired 
degree of smoothness be obtained. The French cabinet-makers use tripoh instead of bnck- 
dust, and ccrtahdy with better effect. The brick-dust or tripoli is cleared off when the proper 
degree of smoothness is obtained, by rubbing with bran. This is still esteemed the best method 
of polishing dining-tables. 

111. The next, in simplicity, is wax polishing. It consists in rubbing the surface with hard 
bees'-wax, and polishing it with corks, brushes, and linen cloth-rubbers. This mode of polishing 
19 much uaed for the inside parte of work ; also for chairs, bedsteads, and various stained 
articles. 

To lessen the labour of applying the wax, it is sometimes, for common stained work, dis- 
solved in linseed-oil by a slow heat, and rubbed on with a rag, and polished by brushes and 
linen cloths. 

112. A wax composition, called Furniture Paste, is also used for polishing; it is formed by 
dissolving bees'-wax in a small quantity of spirit of turpentine by a gentle heat, and adding 
about a sixteenth part of powdered rosin. The composition is rubbed on, and polished in the 
ume manner as wax. It is for new work sometimes stained by the addition of alkanet-root, or 
rose-pink; the colour of the alkanet-root must be extracted by the turpentine before it be added 
to the wax. The addition of a small quantity of copal varnish to the dissolved wax while it is 
wann, is esteemed better than the addition of rosin. 



Of French Polishing. 

113. Lately a new mode of polishing has been adopted for furniture, called French Polish, 
which consists in appl}'ing a considerable thickness of transparent gum-lac over the wood, and 
by that means rendering it less necessary to give the wood itself so fine a surface, as when that 
surface is the one which is polished. In the new method, tlie surface of the gum is the polished 
surface. 

IH. French polish is a species of spirit-vamish, chiefly composed of shell-lac ; which, when 
dissolved in spirit of wine, forms the hardest and most ilurable spirit-vamisli known. It n 
mixed with certain portions of gum-masticli and giun-Saudarach, for the purpose of rendering 
its colour paler, which is a desirable circuDUtance in some of the works to which it ia appHed. 

27. / 



30 PRACTICAL CABINBT-HAKING. 

It differs firom varnishing in the manner of applying it to the articles. This is done by rubbing 
it upon their surface with a fine cloth, and using oil and spirit of wine during the process, as 
will now be more particularly described. 
The varnish is composed of — 

Shell-lac, three parts ; 
Gum-mastich, one part ; 
Giun-Sandarach, one part; 
Spirit of wine, 40 parts. 

The mastich and Sandarach must first be dissolved in the spirit of wine, and then the shelt 
lac : the process may be performed by putting them into a bottle loosely corked, and placing it 
in a vessel of water heated to a little below 173% or the boiling point of spirit of wine, until the 
solution be effected ; the clear solution may be poured off into another bottle for use. 

In applying it to large surfaces, use a rubber formed of a flat coil of thick woollen cloth, such 
as drugget, which must be torn off the piece, in order that the face of the rubber, which is 
made of the torn edge of the cloth, may be soft and pliant, and not hard and stiff, as would 
be the case were it to be cut ofi^ and thereby be liable to scratch the soft surface of the varnish. 
This rubber is to be securely bound with thread, to prevent it firom uncoiling when it is used ; 
and it may vary in its size from one to three inches in diameter, and from one to two inches in 
thickness, according to the extent of the surface to be varnished. 

The vambh is to be applied to the middle of the flat face of the rubber by shaking up the 
bottle containing it against the rubber ; it will absorb a considerable quantity, and will continue 
to supply it equally, and in a due proportion to the surface which is imdergoing the process of 
polishing. The face of the rubber must next be covered by a soft linen-cloth doubled, the 
remainder of the cloth being gathered together at the back of the rubber to form a handle to 
hold it by, and the face of the cloth must be moistened with a little raw linseed-oil, (which may 
either be coloured with alkanet-root, or not,) applied upon the finger to the middle of it, and 
the operation be commenced by quickly and lightly rubbing the surface of the article to be 
polished in a constant succession of small circular strokes ; and the operation must be confined 
to a space not more than 10 or 12 inches square, until such space is finished, when an adjoining 
one may be commenced, and united with the first, and so on, until the whole surface is covered* 
The varnish is inclosed by the double fold of the cloth ; which, by absorption, becomes merely 
moistened with it, and the rubbing of each place must be continued until it becomes nearly dry. 

The rubber may, for a second coat, be wetted with the varnish without oil, and applied as 
before. A third coat must also be given in the same manner ; then a fourth, with a little oil, 
which must be followed, as before, with two others without oil ; and thus proceeding until the 
varnish has acquired some thickness, which will be after a few repetitions, and depends on the 
jsare that has been taken in 'finishing the surface. Then a little spirit of wine may be applied to 
die inside of the rubber after wetting it with the varnish, and being covered with the Unen as 
before, it must be very quickly and uniformly rubbed over every part of the sur&ce which will 
tend to make it even, and very much conduce to its poUsh. The cloth must next be wetted a 
little with spirit of wine and oil without vambh, and the surface being rubbed over, with the 
precautions last mentioned, until it is nearly dry, the effect of the operation will be seen ; and 
if it be found that it is not complete, the process must be continued with the introduction of 
spirit of wine in its turn, as directed, until the surface becomes unifi>rmly smooth, and beautt- 
.fuUy polished. The work to be polished, should be placed opposite to the %ht| in otder that 
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the effect of the polishing may be better seen. In this manner a iturface of from one to eight 
feet square may be polished at once, and the process, instead of being limited to the polishing 
of rich cabinets, or other smaller works, can now be applied to tables, and other large pieces of 
furniture, with very great advantages over the common way of polishing with wax-oils, &c. In 
some cases, it b esteemed preferable to rub the wood over with a little oil applied on a linen 
cloth before beginning to polish ; but we doubt the propriety of this method. 

115. When the colour of the wood to be polished is dark, a harder polish may be made by 
making the composition of one part of shell-lac and eight parts of spirit of wine, and proceed 
as before. 

Various receipts for the French polish have been publbhed, in which ingredients are inserted 
that are insoluble in spirit of wine, and therefore useless ; and others contain ingredients that 
are soluble in water, so as to render the mixture more easily injured. 

For work polished by the French polish, the recesses, or carved work, or where ihe sur&ces 
are not liable to wear, or difficult to get at with the rubber, a spirit-varnish made, without lac, 
and considerably thicker than that used in the above process, may be applied to those parts 
with a brush or hair-pencil, as is commonly done in other modes of varnishing. 

116. The French polish is not proper for dining-tables, nor for any thing where it is liable to 
be partially exposed to considerable heat ; but the beautiful effect it produces has caused it 
•oimetimed to be improperly applied. 

Of Varnishing Furniture. 

117. There are several species of furniture which are varnished; such as Works in white- 
wood, boxes, and other small articles much used, and carved work, which is difficult to polish. 
Lately, varnish has also been used for tables, side-boards, and chairs. The best method of 
proceeding is to purchase the varnish ready made for use, as the process of making is tedious 
and expensive. 

118. Copal varnish is of an extremely durable kind; it is transparent, and forms one of the 
most beautiful and perfect varnishes for coloured wood, where a slight tinge of brown is not 
objectionable. It is difficult to make, but may be procured of japan-manufacturers or coach- 
makers. It may be used for various articles, and is the only species which succeeds for dining- 
tables. The coats should be laid on as thinly as possible, and allowed to become well dry 
between each. 

119. For light coloured woods, hard white vambh is used. Various receipts are given for 
'this purpose, in all of which patticular attention must be given to choosing colourless gums. 

. A fine colourless varnish maiy be made by dissolving four parts of gum-Sandarach, and one 
part of Venice turpentine, in 16 parts of spirit of wine by a gentle heat 
ISO. A more compound vambh b used by the French artists : it consists of 

"Spirit of wine, 32 parts ; 
Gum-Sandarach, 5 parts ; 
Mastich, S parts ; 
Gum-elemi, 1 part; 
Oil of lavender, 1 part. 

The whole being dissolved in a vessel placed in a water-bath kept at such a temperature tfi«t 
the spirit does not boiL After the solution u cold, it b to be filtered for use. 
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ISL From four to six. coats of either of these varnishes are Jbid on t{ie<wor}c, taking ear« to 
let each coat become perfectly.dry before another be added; ond^B^bi^n the last coat is dry^ the 
work must be polished with tripoli and .Fater^ by means 9f a compact rubber of dnigget or.Ii^ 
and the sur&ce bei^ next.washed n^ith ^aterj it isJSnally rubbed off with, a jQleai»>fine Upeii i:pg 
and bran. 



Of Cleaning Old 

ISS. The modes of keeping furniture in order, depend on the manner in which it has been 
polished. W}ien articles have been, fifiished < with. Frienchpol^h, they ipay be cleaned with a 
fittle jspirits of furpentine, which will remove grease or dirt without ^oft^iing the vamiah, if it 
be quickly done. 

Furniture that has been poshed with waxrcompositipn should be kept in m:der by the iiae of 
the same composition (see art. 1 12) used in innall quantity, and wpU rubbed off. 

And where furniture has been polished with oil, it may be occasionally , slightly ndibed with 
oil stained by alk^net-root, (see art. 11 If) and, well chared off by continued Fobbing* 

123. When tables or other, articles have got into a If ad state by impiipper troatmcoiity but are 
not stained, the best mode b to wash them dean with ^irits of turpei^Q, and repoUah: them 
with furniture oil. But when stains are to be removed, the surfiELce. shqi^. be iWaab^ with 
stale beer, or common vinegar, warmed ; and the stains removed by rubbing them with a rag 
dipped in spirits of salt, after which it may be repolished in the manner of new work. 

The lacquered brass-work of furniture should be cleaned by washing it with warm water by 
means of a soft linen or muslin rag. Spots not removable by this method ^axmot.be g^ out 
without re4acquering. 

1S4. Where old furniture of mahogany has to be repaired with new wood, .jthe.c^our .of the 
new parts may be darkened by applying soap and water ; or, where very Aa^^L, wood is to be 
imitated, the new parts may be washed with lime-water. 
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INDEX AND GLOSSARY OF TECHNICAL TERMS 

USED IN CABINET-MAKING; 

With References to the Pages in which the various subjects are treated, and 
AN Explanation of such Terms as are not already particularly defined 
IN the work. 



A. 

Axkanet; a plant, tl^e root of which imparts 

a beautiful red colour to pure spirits of wine, 

to oils, and to wax, 29. 
Angles, mode of framing, 17. 
Animal forms, remarks on using^ 5. 
Anti-room furniture, 11. 
Antique Ornaments are such as were used by 

the Greeks and Romans. 
Archil ; a species of lickhen which gives a rich 

purple tincture, but it speedily fades, 28. 
Arm-chair ; a chair having resting-places for the 

arms — they are sometimes called elbow-cha^« 

B. 

Bauboo ; a species of cane which grows to a large 
size in India, and is used there for chairsi 
tables, &c. The external appearance of 
bamboo is often imitated for bed-room chairs. 

Bandinff. See 20'. 

Base; ue lowest part of a support. S^ 3* 

Basin-stand ; a stand placed m bed and dressii^- 
rooms to hold vessels, &c. for washing. 

Basso-relievo; carving in which the figures 
project less than their thickness from the 
ground. 

Bead; a semi-circular moulding; when it pro. 
jects before the surface it is a cock''head. 

Bed-room furniture, 16. 

Bed-stead ; a frame of wood or metal for a bed 
to be laid upon; metal bedstesult are made 
either of iron or of tubes of brass, 16. 

Beech; a haid compact wood much used for 
chairs, bedsteads, so&s, &c it is very soon 
injured by worms. 
28. 



Bevel of chair-rails, Is. 

Bidet ; a seat containing a pan of japaimed-tin, 
or earthen-ware, generally made in the form 
of a stool with a loose cover* 

Billiard-room furniture, 11. 

BUliard-table ; a table covered with cloth to 
play at billiards upon, the top of which should 
be perfectly even and level. The top it 
framed in small pannels, and, in order that they 
may not warp, both the frames and pannelss 
should be cut so that the annual rings of the 
wood are perpendicular to their uj^per sur&ces. 

Black-stain, 27. 

BUnd ; an appendage to a window, to screen a 
room frcmi the direct rays of the sun, or 

. from being looked into from without; for the 
latter purpose low blinds of wire-gauze, fixed 
in mahogany firtmes, are now much used. 

Block ; a piece of wood glued into an angle to 
strengthen it; also, the part on which the bed 
rests in a pillar and daw-table* 

Boasting, 22. 

Book-cases, 15. 

shelves, 15. 

f sizes of, 15. 

Boiders, 6, %%. 

BoWHMw ; one of which the saw is stretched 
byabowi 21. 

Bracket, a support fixed against a wall. 

Brass, inlajring with, 21. 

work, on cleaning ofi*, 25. 

Breakfitst-room furniture, 16. 

Bronze; a compound of tin and copper used for 
casting ornaments, &c«- The tepn is also 
applied to the green colour this me^ acquires 
byage. 
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C«kt7 ; a JMMi V>x flKil far irciiping 



UmA^tMt % a table omm^ wkh grcca dodi to 
yiaj at earda i^^a. TW «om are flHde lo 
feU I4)|fttker to procrre dke dock 

Caal ; to farm by pvttoig in a soft state ioto a 

Ca i t i o y wnameatt m wood^ Ibe. 2d. 

i'/m^0sf%% ifXkfn^ with rerohring lockets, far 

fQfi^^c^tiag artidea of fbiBitiffe wfakfa it it 

AwiraUe lo move* 
Caob, 19. 
Coflar ; a name tpplM^d to two fpedea of wood, 

the «Qe called peneil-eedar baViog a p ow e r fu l 

«eenl, tbe other ia of a fhrakn' appearanee^ 

iMft wftboot fcei»t« 
Cellaret ; a wine'Coolerf or wioe'daterDy 15 

(^Umtmg of work, 25« 

■* old furotttire, 51. 
Colourt, on tbe eombmalson o( 5. 
— — , tfaeonr of, 6. 
O/lumn ; a taO rapport baring a regular capital 

and bane. 
Commode ; a tpecicf of low ward-robe ; also a 

piece of drawing-room furniture, tbe lower 

Cri enclofed with doora, and tbe upper baring 
ok«fbelirea« 

C/ompartment ; one of tbe dirisk>ns of a design* 

(Composition-ornament, 24. 

(^ntour ; tbe outline, 2. 

Contrast ; great difference of colour, figure, or 
proportion, 0. 

(/onvcrsation-scats, 8. 

C<ipsl ; the concrete Juice of an American tree, 
whicb is a liard, sbming, odoriferous substance 
of a transparent citron colour. It will neither 
dissolve in spirit of wine nor essential oils 
without peculiar treatment, but may be dis- 
solved by dip^stion in linseed oil. It makes 
the liest varnish known. See 81. 

Cornice ; a compound moulding at the top of a 
piece of «Airniture. 

Couch ; a long seat, occasionally used to lie 
down upon. 
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abeaotiinl and 
far sasaD 



fabcx wood much 



27. 

Pm^'*^"^ 01 MUSIC, 1^ 
Kniililatuie i the archilraret 
01 the ardiitecliiial 

F. 



and comke of 
of eohmms. 



FiGuaz, buman» fiimitnre to agree with, I. 

FirmoeaSy 8. 

Fitneas or propriety, 3. 

Flutes; a aerieaof scmi-eUiptica] or 

hollows sonk in a plain sorfiice, widi or without 
narrow. spaces between ; of the latter kind are 
the flutea of Corinthian and Ionic columns ; 
of tbe farmer are the flutes of the Doric 
column, 28. 

Foliage ; ornaments from vegetable nature, 4. 

Foot-stools, 8. 

Fransing, 17. 

Frencb-polidi, 29. 

Prize; tbe portion between the architrave and 
tbe cornice in an entablature* In cabinet- 
work the frize baa addom more than a amall 
mouldnig bdow it. 

Furnishing, styles of, 7. 

Furniture, construction of, 17. 
■ oil, 29. 
■ paste, 29. 

G. 

Gallery furniture, 11. 

Geometry, 2. 

German style of carving, 5. 

Gilding ; an excess of gQdhfig diould be carefuUy 

avoided, except where the theatrical style ia tbe 

object. 
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